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BREAKFAST CEREALS 


with essential vitamins and minerals restored 


by Science Writer 


This article is one of a series devoted to the story of vitamin enriched or restored cereal products: white 
bread and rolls, white flour, corn meal and grits, macaroni products, white rice, breakfast cereals, farina. 


Increasing in popularity over the years, breakfast 
cereals are used throughout the United States by 
young and old alike. Eaten with fruit and milk 
or light cream, they contribute an excellent com- 
bination of basic, flavorful, nutritious foods to 
the diet of children and adults. 


In the past decade the use of these foods has 
— markedly, In fact, it is estimated that there 
as been a 20% increase during the period. In 
1953 the increase was much higher than the 
average of previous years. It was 5.5%. 


During 1953, for example, 
many tons of breakfast cereal 
foods were eaten in the Uni- 
ted States. Industry figures 
show that 4.6 pounds of dry 
cereals and 2.5 pounds of 
hot (cooked) cereals per per- 
son were consumed. 


Many grains are processed to 
make breakfast cereals: wheat, 
corn, rice, oats. Often these 
foods may be eaten just as they 
come from the manufacturer's 
package. Or they may require 
only a short period of cooking 
to be ready for the table. They 
appeal to busy home-makers, as 
well as to institutional dietitians, 
because they are readily avail- 
able in a variety of flavors to add interest and 
value to an important, but sometimes neglected, 
meal. They are used in cookery, too, 


A Nutritional Advance 


As the science of nutrition advanced in recent 
years, it was found that losses of essential vita- 
mins and minerals occurred during processing of 
wheat, corn and rice into breakfast foods. When 
this became know, most manufacturers acted to 
overcome the losses. They adopted restoration. 


Restoration simply means that certain vitamins 
and minerals are added to the cereal food during 
processing so that the finished product is generally 
equal to the whole grain values of those elements. 
The vitamins thiamine (B,), riboflavin (B.), and 
niacin as well as the mineral, iron, are used in 
restoration. Vitamin D is also added sometimes. 


The recent trend toward pre-sweetened cold 
cereals for breakfast consumption and between- 
meal snacks emphasizes the nutritional importance 
of vitamin fortification. Increased calories require 
more “B” vitamins for proper utilization. 


What the Vitamins Do 

Thiamine is the vitamin which 
helps to build and main- 
tain physical and mental 
health. It is essential for 
normal appetite, intestinal 
activity and sound nerves. 

Niacin, which is another of the 
“B” vitamins, is needed 
for healthy body tissues. 

Its use in the American 
diet has done much to make a serious dis- 
ease called pellagra disappear. 

Riboflavin is the vitamin which is essential for 
growth. It helps to keep body tissues 
healthy and to maintain proper function 
of the eyes. 

Vitamin D is important to prevent rickets in chil- 
dren and the development of certain ab- 
normal bone conditions in adults. 

Iron is essential for making good red blood and 
for preventing nutritional anemia. 


Where Do The Vitamins Come From? 
At about the same time that processing losses in 
breakfast cereals became known, other develop- 
ments in the science of nutrition produced ample 
supplies of vitamins at economical prices. Thus, 
the quality of breakfast cereal foods could be, 
and was, greatly improved through restoration. 

Since the early days of 
breakfast food restoration and 
of white flour and white bread 
enrichment, the world-famous 
firm of Hoffmann-La Roche 
has supplied top quality vita- 
mins by the tons. Pioneering 
work in its laboratories and by 
its collaborators resulted in the 
“duplication” of some of Na- 
ture’s extremely complex substances. First, the 
chemical composition of the vitamin was learned. 
Second, the pure substance was isolated. Third, 
the “duplicate” was made by synthesis. And fourth, 
the laboratory techniques were extended to large 
scale operations. 

The manufactured “duplicate” is identical 
chemically and in biological activity with Nature's 
own product. A vitamin is still a vitamin regard 
less of its source. So efficient is large scale manu- 
facturing that vitamins are sold at a lower cost 
than if they were extracted from natural sources. 


Reprints of this article, and of all others in this series, are 
avaliable without charge. Please send your request to the 
Vitamin Division, Hoffmann-La Roche Ine., Nutley 10. New 
Jersey. In Canada: Hoffmann-La Roche Lid., 286 St. Paul 
Street, West; Montreal, Quebec 
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THE PECTOLYTIC ACTIVITY OF EXTRACTS OF 
DIFFERENT TYPES OF ONIONS*? 


H. P. MELOCHE, JR. anp F. W. FABIAN 
Department of Bacteriology and Public Health 
Michigan State College, Fast Lansing, Michigan 


(Manuseript received July 24, 1954 


Different types of onions vary considerably in their resistance to decom 
position by various molds. Since the determination of the relationship be- 
tween certain pectolytic enzymes and pectic material has become an im- 
portant tool for investigating plant tissue degeneration, the present study 
was undertaken to determine the polygalacturonase (PG) activity in onion 
extracts of various fungal contaminants known to infect onions. In addi- 
tion, a study of the pectinesterase (PE) titer of different types of onions 
was made to determine whether or not a relationship between the enzyme 
and susceptibility to mold infection exists. The effect of PE on the general 
keeping quality of the types of onions studied was also observed, 


LITERATURE REVIEW 


There are numerous molds which infect onion bulbs, Weiss and O’Brien (10) have 
listed many including Penicillium sp., Mucor sp., Aspergillus sp., Alternaria sp., Fusar 
ium sp., and Botrytis cinerca, These organisms are parasitic on both white and colored 
onions, Kertesz (4) has listed all of these organisms as producers of pectic enzymes 

But the literature is meager when dealing with the factors controlling mold growth 
on onions. Different degrees of resistance to mold growth are exhibited by different 
types of onions. Walker and Lindegreen (8) reported colored onion varieties to be not 
only highly resistant to Collototrichum cireinans (a non-parasite on onions) but rela 
tively free from infection by Botrytis allu, a normal onion pathogen. Aspergillus niger, 
however, attacked both colored and white bulbs. Walker (7) attempted to explain 
resistance by his observation that the epidermal cells of the fleshy seales of colored 
varieties of onions contain phenolie pigment compounds in the cell sap. However, he 
noted that the pigment was destroyed as soon as the mold penetrated the host cuticle 
and before the hyphae penetrated the cell lumen containing the phenolie compounds 
Walker and Link (9) tested the effect of 21 phenolic compounds in standard broth 
against the growth of organisms, including the three studied by Walker and Lindegreen 
(8). They found that Aspergillus niger was most resistant to the influence of the 
Botrytis alli and Collototrichum circinana followed in 
decreasing order of resistance. It has been generally observed by those working with 
onions that the white are more susceptible to infection than the colored types and in 
addition are the poorest storage varieties. Conversely, the yellow and the brown types 
are the most resistant to infection and the best keepers. Bermuda types and the red 
types appear to be somewhat intermediate in their properties of resistance to infection 


phenolic compounds tested; 


and storage effects. 


EXPERIMENTAL 


Polygalacturonase-like activity produced by molds in onion extract. Cultures used, 
Cultures identified as Fusarium oxysporum, Botrytis cinerea, Alternaria humicola, Asper 
gillus niger, Penicillium sp., and Mucor sp. were grown for 4 weeks on potato-dextrose 


* Journal article No, 1640. 
* Presented at the Fourteenth Annual Meeting of IFT, Los Angeles, June 29, 1954. 
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agar slants (Difco). Spore suspensions of these cultures were then inoculated into 
extracts of 3 types of onions—Bermuda, yellow, and white. 

Extraction of onions, Sound whole onions were peeled and macerated in a Waring 
blender. The macerate was then transferred to several layers of cheesecloth and the 
cell sap was squeezed out by hand. Twenty ml. of the cell sap was then placed into 
each of a series of 125 ml). Erlenmeyer flasks. Five flasks of extract from each type of 
onion were prepared for each culture studied. The flasks were plugged with cotton, 
sterilized by autoclaving, and stored at refrigeration temperature until used. Alcohol 
precipitation tests indicated that no appreciable amount of pectin was present in the 
extracts. 

Inoculation. A spore suspension of each mold culture was prepared and standard 
ized to contain 500 spores per ml. by use of a haemocytometer counting chamber. One 
ml, of this suspension was inoculated into each of a series of flasks. Four flasks of 
sterile extract of each type of onion were used for each mold. The eultures were ineu 
bated at 30° + 1°C, 

Polygalacturonase-like enzyme activity determination, The method used in the deter 
mination of the PG-like enzyme activity was a modification of that of Bell, Etchells, and 
Jones (1). Due to the high viscosity of the pectin® suspension employed, a 1.5% sus 
pension was used in place of the 3% suspension, 

At 1.5, 2.5, 3.5, and 4.5 days incubation one flask was removed from incubation for 
each mold and type of onion. The cell sap was observed for the presence of mat forma 
tion, layered with toluene, and the pH was measured. Two 5-ml. portions were with 
drawn from each flask. One portion was heated to 80°C, for 10 minutes in a water bath 
to serve as the control, and the other was inoculated into 25 ml. of pectin in phthalate 
buffer at pH 4.0. The control was also inoculated into the buffered pectin solution. 
These samples were then incubated for 7 days at 30° + 1°C. At the end of the ineuba- 
tion period, the dropping times through a 25-ml. pipette were recorded, and the per cent 
loss of viscosity was determined. 


RESULTS 


The presence of polygalacturonase-like enzymes, Results of the study of the pro 
duction of the PG-like enzymes are presented in Figures 1, 2, and 3. In addition data 
are presented on the pil changes occurring in the extracts. There appeared to be a 
relationship between the appearance of visible growth and a change in pH. A change 
in the pH of the extract was noted either at the same time as the appearance of visible 
growth, or followed the growth by one day. Therefore, the first pH changes noted in 
Figures 1, 2, and 3 were an indication of the presence of macroscopic growth. 

Figure 1 shows the relationship of pH changes, and the change in the PG-like enzyme 
activity produced by Botrytis cinerea and Fusarium oxysporum when grown in the 
extracts of 3 types of onions, Botrytis cinerea produced no change in pH throughout 
the duration of the experiment except when growing on the Bermuda extract wherein 
a slight decrease was noted at 3.5 and 4.5 days. With all 3 extracts PG-like activity 
was noted to be similar and sufficient enzyme was produced on each extract to cause 
a loss of viscosity in the maximum range measurable by this method. 

Changes in pH produced by Fusarium oxysporum were similar in all 3 extracts, 
However, the Fusarium mold did not produce PG-like enzyme activity rapidly. The 
onion extracts resulted in no appreciable loss of viscosity of the pectin suspension until 
after 3.5 days of incubation. Only with the white onion extract was a maximum redue 
tion in the viscosity of the pectin suspension noted after 4.5 days of growth of this mold. 

Figure 2 demonstrates the relationship of pIT change and change in the per cent 
loss of viscosity of a standard pectin suspension over a period of time produced by 
Alternaria humicola and Penicillium sp, It can be seen that the pH changes produced 
by Alternaria humicola were quite similar in the 3 extracts. No change was noted during 
the first 2.5 days. At this time there was a slight increase of pH followed by a decrease, 
The PG-like activity resulting from the growth of Alternaria humicola was similar in all 


* Pectin No, D-890 supplies by Sunkist Growers, Research Department, Corona, 
California, 
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Figure 1. pH changes and elaboration of PG-like enzyme expressed in units of per 
cent loss of viscosity of a standard pectin suspension by two molds on three onion extracts. 
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4 extracts. At the end of 4.5 days of incubation of the inoculated extracts, the PG-like 
activity of all 3 extracts was sufficient to reduce the viscosity of the standard pectin 
suspension by 70-80%. 

Growth of Penicillium sp. resulted in pH changes in the 3 extracts similar to those 
produced by Alternatia humicola and Fusarium oxysporum There appeared to be a 
slight increase in pH at 2.5 days on the yellow extract, while the initial change in pH 
on the other extracts occurred at 3.5 days. The significance of this variation is doubted 
since the imtial obvious mat formation occurred at 2.5 days in all cases wherein Jeni 
cillium sp. was involved, 

Penicillium sp. differed from the other 3 organisms discussed so far in ita ability 
to produce PG-like enzyme very rapidly on all 3 extracts. This mold produced sufficient 
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Figure 2. pH changes and elaboration of PG-like enzyme expressed in units of per 
cent loss of viscosity of a standard pectin suspension by two molds on three onion extracts. 




















enzyme to cause a maximum per cent loss of viscosity at the end of 1.5 days. After 
2.5-3.5 days growth of Penicillium sp. a decrease in the loss of viscosity from 80 to 
approximately 70% was noted. However, this was not believed to be significant. 
Figure 3 shows the relationship of pH change and production of PG-like enzymes 
for Aspergillus niger and Mucor sp. grown on the 3 substrates. Aspergillus niger pro- 
duced a rapid change in the pH of all 3 extracts which corresponded to rapid mat 


formation, The general trend of pH change was similar for all 3 extracts. However, 


the pH of the Bermuda and yellow onion extracts were in the range 6.6-7.2 at the end 
of the experiment, while the final pH of the white onion extract was 4.8. However, 
after 5.5 days of incubation the pH of the white onion extract was found to be about 


equal to that of the other two. 
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Figure 3. pH changes and elaboration of PG-like enzyme expressed in units of per 
cent loss of viscosity of a standard pectin suspension by two molds on three onion extracts. 


The production of PG-like enzymes in all 3 substrates was rapid. The extracts in 
which Aspergillus niger was grown caused per cent loss of viscosity in the maximum 


range at the end of 1.5 days. The activity of the PG-like enzymes remained high 


throughout the duration of the experiment. 

Mucor sp. caused similar pH changes in Bermuda and yellow onion extracts, 
ever, the pH of the white onion extract did not increase as rapidly after 3.5-4.5 days of 
incubation as did the pH of the other 2 extracts. The significance of this is doubtful 
since mat formation was similar on all 3 extracts. 

As in the cases of Penicillium sp. and Aspergillus niger, Mucor sp. produced a 
at the end of 1.5 days, and this titer 


How 


maximum measurable titer of PG-like enzyme 





H. P. MELOCHE, JR. AND F. W. FABIAN 


was maintained throughout the duration of the experiment. No significant difference 
in enzyme production by this mold in the 3 onion extracts was noted. 

The 6 molds studied all produced PG-like enzyme(s) but they were divided into 2 
groups according to the speed at which this enzyme was produced. Alternaria humicola, 
Fusarium oxysporium and Botrytis cinerca produced the enzyme slowly while Penicillium 
sp., Aspergillus niger, and Mucor sp. produced the enzyme rapidly. Although the latter 
groups were noted, in general, to grow more rapidly than the former, there was no 
obvious correlation of visible growth with enzyme production. With three of the molds, 
PG-like enzyme activity was evident prior to the appearance of visible growth. Similar 
observations have been made by other workers (5, 11). 

It is generally held that there is a relationship between intensity of coloration and 
the resistance to mold infection of onions. Those onions which were the least colored 
(white and Bermuda), were more susceptible, and those which were more pigmented 
(yellow and brown) were more resistant to mold infection. However, it was shown here 
that each of the 6 molds tested produced about the same amount of PG-like enzyme in 
the extract of white, yellow, and Bermuda onions. Consequently, there must be some 
factor other than PG-like enzyme production of the molds which accounts for the 
resistance of colored onions. To ascertain if possible what this factor was, a study was 
made of the pectinesterase enzyme present in the different types of onions and their 
ability to resist breakdown by molds. 


PECTINESTERASE 


Determination of pectinesterase activity. The substrate was prepared according to 
the method of Bell, Etchells, and Jones (2) modified so that the substrate contained 
1.0% pectin.’ Five ml. of extract was added to 50 ml. of substrate and the pH of the 
mixture was adjusted to 7.5. The enzyme-substrate mixture was permitted to ineubate 
for 30 minutes at 30°C. and was readjusted to pH 7.5 with 0.01 N NaOH at 5-minute 
intervals. 

Studies were made on Crystal Wax, Bermuda, White (Utah), Sweet Spanish 
(Texas), Yellow, and Australian Brown onions by weighing 500 g. of each type, macer 
ating them in a Waring blender with 2% NaCl solution. The macerate was then trans 
ferred to 8 thicknesses of cheese-cloth and squeezed by hand. The extract was suffi 
ciently clear so that filtering through filter paper was unnecessary. The extract 
then transferred to a 500 ml. volumetric flask, made up to volume by the addition of 
distilled water, layered with toluene, and stored at refrigeration temperature until used, 


was 


RESULTS AND DISCUSSION 


The results of the pectinesterase determination are shown in Figure 4. 
It can be seen that the Crystal Wax onion extract contained a significantly 
higher activity of the enzyme than did any of the other onion types studied. 
At the end of 30 minutes incubation, it consumed, in comparison with the 
yellow onion extract, approximately twice the volume of NaOH. This par- 
ticular phenomenon has been noted at 4 different times under 4 different 
sets of experimental conditions in reactions carried to completion. Figure 4 
also shows that at the end of the determination, the activity of the Crystal 
Wax onion extract was a straight line function, indicating a high activity 
of the enzyme in comparison to the other extracts which were not straight 
line functions during any portion of the experiment. 

Yellow and Australian Brown onion extracts showed the lowest activity 
of PE, the activity of the Australian Brown being slightly less than that 
of the yellow; this may or may not be significant. 


* Pectin No, 444-B-6 supplied by Sunkist Growers, Inec., Research Department, Cor 


ona, California. 
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Figure 4. Graph showing the amount of pectinesterase present in extracts of different 
types of onions. 


Figure 4 also shows that the Sweet Spanish (Texas) and Bermuda 
White (Utah) onions had the same PE activity in this experiment, an 
activity mid-way between that of Crystal Wax and Yellow. It was felt 
that this particular Sweet Spanish onion may have been a cross with some 
other type(s), since it had the typical markings of the Spanish on its outer 
scale. But it was much smaller than the typical Sweet Spanish onions 
previously studied. Previous experiments with Sweet Spanish onions indi 
cated that it had an enzyme activity similar to that of the Yellow variety. 

This study is not definitive, since the onion samples employed were 
store-purchased and later identified. ‘However, the difference in activity 
between the yellow and white onion types has been observed often enough 
to become significant, and the activity of the other onion types tends to 
confirm the relationship of PE activity to the resistance of onions to mold 
infection. It also suggests that the amount of PE present may be a good 
index to keeping quality of onions during storage. 


SUMMARY 


Six mold cultures showed growth and PG-like enzyme production in 
varying degrees on three types of onion extracts. Each culture behaved 
similarly in regard to pH change and enzyme production on all three types 
of onion extracts. The molds could be placed into two main groups accord 
ing to their ability to produce PG-like enzyme: (a) those cultures which 
produced the enzyme rapidly, viz. Penicillium sp., Aspergillus niger, and 
Mucor sp.; and (b) those cultures which produced the enzyme slowly, vi 


Alternaria humicola, Fusarium oxysporum, and Botrytis cinerea 
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Penicillium sp. produced a maximum measurable titer of enzyme in 1.5 
days but showed no visible growth for 2.5 days. Botrytis cinerea produced 
a maximum measurable titer of the enzyme in 2.5-3.5 days but showed 
signs of growth in only one extract at the end of 4.5 days indicating that 
enzyme production preceded visible growth. 

There appears to be a direct relationship between resistance to mold 
infection and pectinesterase content in onions so far as the organisms 
studied are concerned. Also there is an apparent relationship between the 
pectinesterase content of onions and their keeping quality. 
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In a comparative study of media for counting Clostridium spores, it 
was reported by Wynne and Foster (5) that a modified Yesair’s pork 
infusion agar with added soluble starch yielded the highest counts. Although 
this medium has been used routinely in our laboratory and elsewhere 
(2, 4), it is expensive and difficult to prepare, The present investigation 
concerns a yeast extract medium offered as a possible replacement for the 
pork infusion and other complex media currently used for counting spores. 


MATERIALS AND METHODS 


Test strains* used were Cl. botulinum (62A and 115B), Cl. feseri, Cl. histolyticum, 
Cl, perfringens and Putrefactive Anaerobe No. 3679. Spore suspensions were prepared 
from 14-day cultures in Difco brain heart infusion broth containing 0.25% BBL thio 
glycollate supplement. Cultures were heated 20 minutes at 75°C. and washed 4 times 
The spores were then suspended in sterile distilled water containing glass beads, reheated 
for 20 minutes at 75°C., and agitated one hour on a Kahn shaker. 

The basal yeast extract medium contained, per liter: Difeo yeast extract, 10 g.; 
BBL thioglycollate supplement, 5g.; soluble starch, 1g.; K.,HPO,, 2g.; and agar, 
15g. The pH was adjusted to approximately 7.4 with NaOH prior to addition of the 
agar. Separate sterilization of the K.HPO, improved the clarity of the medium, 

The yeast extract starch medium was compared with Yesair’s pork infusion medium 
as modified by Wynne and Foster (5) to contain BBL thioglycollate supplement and 
0.1% soluble starch. Both media were tubed in approximately 15-ml, amounts in Prickett 
(Fisher modified agar slant) tubes. In view of the recent report by Andersen (1) that 
addition of NaHCO, to infusion media resulted in higher counts and earlier appearance 
of colonies, the effect of this compound was evaluated with both media. When bicarbon 
ate was used, 0.3 ml. of a Seitz-filtered 5% solution was added per tube just prior to 
inoculation, After solidification of all inoculated media, to each tube was added an 
overlay of 3-4 ml. of 1.5% agar containing 0.5% BBI thioglycollate supplement, 

Mildly heated spores. Suspensions diluted to contain approximately 50-100 spores 
per ml. were heated for 20 minutes at 75°C. to remove dissolved oxygen and effect 
possible heat activation (3). Since the spores had been heated 40 minutes at 75°C 
during preparation of the suspensions, their total heat treatment was 60 minutes at 
75°C, One ml, of heated suspension was pipetted into each of 9 replicate tubes of each 
medium. The overall counting error was estimated at +10%. Ineubation was for 24-72 
hours, with check counts after 4 weeks. 


* Presented at the Fifty-Fourth General Meeting of the Society of American Bac 
teriologists, Pittsburgh, Pa., May 2-7, 1954. 

"This investigation was supported in part by research grant €-1507 from the 
National Cancer Institute of the National Institutes of Health, Publie Health Service, 
and an institutional grant from the American Cancer Society. 

* Present address: State Department of Health Laboratories, Oklahoma City, 
Oklahoma. 

*All obtained from the Department of Bacteriology, The University of Texas, 
Austin, Texas. 
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Drastically heated spores. Suspensions were diluted to contain approximately 25,000 
to 50,000 spores per ml. Following exposure to 75°C, for 5 minutes to effect any possible 
heat activation, platings were made for initial spore levels. The spores were then heated 
in a boiling water bath for a period sufficient to secure at least 99.95% lethality. Both 
initial and recovery spore counts were made from duplicate counts from each of triplicate 
tubes. Incubation was for 72 hours, with check counts after 3 months. 


RESULTS AND DISCUSSION 


Mildly heated spores. With all strains tested, counts in yeast extract 
starch bicarbonate (YESB) agar were comparable to those obtained in 
modified Yesair’s or in the Yesair medium plus bicarbonate (Table 1). 
This finding was repeatedly confirmed. Check counts after 4 weeks’ incu- 
bation showed no increases. 

In agreement with the results obtained in a recent spore counting survey 
sponsored by the Western Regional Research Laboratory,® addition of 
bicarbonate to modified Yesair’s medium resulted in earlier appearance 
of colonies with Cl. botulinum 62A. Maximum counts were obtained in the 
bicarbonate-supplemented medium after an incubation period as short as 
24 hours, while a period of at least 48 hours was necessary when bicarbonate 
was omitted. Furthermore, addition of bicarbonate to this medium resulted 
in a 47% increase in the mean count with Cl. botulinum 62A (Table 1). 
Statistical analysis by the ‘‘t’’ test indicated this increment to be highly 
significant (P < 0.01); two separate experiments showed increases in 
counts due to added bicarbonate of 70% and 100%, respectively. With the 
yeast extract starch medium, added bicarbonate consistently resulted in a 
small but statistically significant increase in counts with Cl. botulinum 
115B (Table 1). At times increased counts were also observed with Cl. 
feseri and Cl. perfringens. 

Drastically heated spores. Mean recovery counts with YESB agar and 
modified Yesair’s agar were not significantly different (Table 1). Check 
counts after 3 months showed no evidence of dormancy. Supplementation 
of the Yesair medium with bicarbonate had no demonstrable effect on 
counts of drastically heated spores of Cl. botulinum 624A. 

These findings, though admittedly limited in scope, suggest further 
investigation of YESB medium as a recovery medium for drastically 
heated Clostridium spores, 


SUMMARY 

A simple, easily prepared medium for counting Clostridium spores is 
described, With yeast extract starch bicarbonate (YESB) agar, counts 
of mildly heated (75°C. for 60 minutes) spores of 5 Clostridium strains 
were consistently comparable to those secured in a modification of Yesair’s 
pork infusion medium, with or without added bicarbonate. Omission of 
bicarbonate from YESB agar resulted consistently in a small but signifi- 
cant decrease in counts with Cl. botulinum 115B. Addition of bicarbonate 
to the Yesair medium resulted in increased counts and earlier colony devel- 
opment with Cl. botulinum 62A. 


* Copies of the report of this spore counting project are available from Dr. H. €. 
Olcott, Western Regional Research Laboratory, Albany 6, California. 
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With spores of 6 Clostridium strains heated at 100°C. for a period suffi- 
cient to insure at least 99.95% destruction, recovery counts in YESB were 
comparable to those in modified Yesair’s medium, with no evidence of 


dormancy. 
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The reaction between thiobarbituric acid and lipid oxidation products 
that yields a red color has been used as a measure of oxidative deteriora- 
tion in foods. The chemistry of the reaction is largely unknown, but sev- 
eral workers have noted the correlation between the intensity of the color 
and the degree of fat oxidation. The present studies were directed toward 
characterization and identification of the red pigment(s), in the hope that 
the results would yield information on the compounds responsible for oxi- 
dative flavor defects. Although the resu'ts obtained are largely negative, 
they indicate that the reactions involving the red pigment may be more 
complex than has been previously assumed. The characteristics of the red 
pigment and the nature of its degradation products limit conventional 
approaches toward production of a pure material. An indirect method of 
determining the proportionate composition of the pigment is presented. 
The formation of a second red pigment from the same reactants has been 
demonstrated. 

Bernheim, Bernheim and Wilbur (/) established that lipid oxidation 
products reacted with thiobarbituric acid to produce a characteristic red 
color. Subsequent investigations have indicated that the reaction can serve 
as a measure of oxidation in edible fats and oils (2, 6, 7, 11, 12, 16, 17). 

Reactions of various aldehydes with barbituric acid (3, 4, 18) and thio- 
barbituric acid (4, 5, 13) have been reported. In most of the studies it 
was assumed that a simple condensation reaction was involved; proposed 
structures were based principally on combustion analyses, 

Kohn and Liversedge (10) showed that tissue suspensions or slices 
incubated aerobically produced a compound that will condense with either 
p-aminobenzoie acid or thiobarbituric acid, respectively producing yellow 
or orange-red colors. Bernheim et al. (1) concluded that the colors obtained 
by Kohn and Liversedge were due to an oxidation product of unsaturated 
fatty acids, particularly linolenic acid. They reported isolation of the 
thiobarbituric acid pigment, which contained some inorganic residue but 
no organic phosphate. On the basis of a combustion analysis, corrected for 
inorganic residue, it was suggested that a three carbon chain containing 
one oxygen atom may have added to the thiobarbituric acid molecule. 

Patton and Kurtz (72) established that a pigment produced by thio 
barbituric acid and malonaldehyde had the same visible absorption char- 
acteristics as that produced by thiobarbituric acid and oxidized milk fat. 


“Supported in part by funds from the California Dairy Industry Advisory Board. 
" Department of Dairy Industry. 
* Department of Chemistry. 
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Kurtz, Price, and Patton (11) tentatively identified the compound in oxi- 
dized milk fat that is responsible for the results of the thiobarbituric acid 
test as malonaldehyde and postulated that the reaction occurred by attack 
of the monoenolie form of malonaldehyde on the active methylene group 
of thiobarbituric acid, followed by ring closure. 

Kohn (9) reported that thiobarbituric acid was a specific reagent for 
sulfadiazine among the sulfonamides, and suggested that the reaction in- 
volved the amino pyrimidine moiety. Later, Shepherd (13) established 
that the color-forming reaction was specific for the pyrimidine ring. Among 
the transmission curves presented was one for a 2-sulfanilamidopyrimide- 
thiobarbituric acid pigment. It was recognized that the chemistry of the 
reaction and the nature of the reaction product remained to be elucidated. 


EXPERIMENTAL 


Preparation of pigments. Oxidized milk fat-thiobarbituric acid pigment. Milk fat 
was placed in 500 ml, Erlenmeyer flasks and exposed to sunlight for a period of several 
months. Under such treatment the color disappeared and the fat exhibited an intensely 
tallowy odor and flavor. This material was stored under refrigeration. 

One g. of 2-thiobarbiturie acid was dissolved in 21. of distilled water in a 5-1. round 
bottom flask. Approximately 500 g. of oxidized milk fat was added to the flask and the 
mixture refluxed with agitation for a period of 3-4 hours. The two phases were allowed 
to separate, the flask was chilled, and the solidified fat was removed. To react the 
thiobarbiturie acid more completely, additional portions of oxidized fat were added to 
the flask and the above procedure repeated until a colorimeter failed to detect further 
increase in color production during a 30-min. period. This usually required 6 to 7 
portions of oxidized fat. The chilled aqueous solution was filtered, and extracted with 
ethyl ether. Evaporation to dryness yielded a mixture of unreacted thiobarbituric acid 
and red pigment. 

Malonaldehyde-thiobarbiturie acid pigment. Dilute hydrochlorie acid was boiled in 
a 3-necked round bottom flask fitted with a Friedrichs condenser and separatory funnel. 
Approximately 50 g. of 41:2-3, 3-dimethoxysodiumpropoxide (19) dissolved in distilled 
water was admitted, drop-wise, to the round bottom flask. The condensate, containing 
malonaldehyde, was delivered to a beaker containing a heated aqueous solution of thio- 
barbituric acid, After a period of 24-36 hours the contents of the beaker were concen- 
trated by evaporation and eooled. The dark red to violet-purple crystals that formed 
were collected by filtration and reerystallized from boiling water. This crude pigment 
preparation probably contained some unreacted thiobarbituric acid. 

2-Sulfanilamidopyrimidine-thiobarbiturie acid pigment. Approximately 9 g. of 2-sul- 
fanilamidopyrimidine dissolved in 61. of boiling distilled water was added to 16g. of 
2-thiobarbituric acid dissolved in 21. of boiling distilled water, and the mixture was 
heated for 2-3 hours on a steam bath. The yellowish-white crystalline precipitate that 
developed was removed by filtration. The crude red pigment was collected by evaporating 
the filtrate to dryness. 

Pigment purification. Attempts to purify pigment preparations are described below. 
Subsequent work reported later herein indicates that techniques involving solution of 
the pigment generate impurities, The minute amount of pigment that does dissolve 
undergoes hydrolysis. One of the hydrolysis products is probably malonaldehyde, which 
is highly reactive and whose isolation has apparently never been achieved. Pigment 
preparations which had been subjected to a procedure involving solution would, on 
recovery, contain variable amounts of thiobarbiturie acid and malonaldehyde or its 
reaction products. 

Miscellaneous observations on the oxidized milk fat-thiobarbituric acid pigment. 
Studies of the red pigment preparations produced by the reaction of thiobarbituric acid 
and oxidized milk fat revealed certain general properties. Ultraviolet spectral analysis, 
discussed below, indicated that the pigment was contaminated with unreacted thiobar- 
biturie acid. The material appeared to be heat stable up to approximately 260°C., 
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where it decomposed. The addition of alkalis resulted in shifting the maximum to a 
longer wave length. The color compound is so sparingly soluble in water that no infor 
mation concerning its base combining properties was obtained by titration. 

Aqueous pigment solutions will readily deeolorize iodine or bromine. The maximum 
at 528-532 ma undergoes a decrease roughly proportionate to the amount of iodine 
added. Excess iodine eliminated the 528-532 ma maximum, leaving a flattened maximum 
in the region 500-510 ma, This latter may be due to a component responsible for the 
shoulder the normal curve exhibits in this vicinity. 

Application of the thiobarbituric acid reaction to vegetable oils. Cottonseed oil, 
peanut oil, and linseed oil were oxidized by treatment with heat, ultraviolet radiation, 
or ethanolic cupric nitrate. The results of a qualitative thiobarbituric acid test applied 
to these oils indicated that thiobarbituric acid produces the same red color with oxidized 
vegetable oils as with oxidized milk fat. 

Chromatographic adsorption. The pigments adsorbed strongly to precipitated milk 
proteins, filter paper, and a number of other materials which suggests that chromato 
graphic adsorption might offer a means of isolation and purification, Solutions of the 
pigments in water, methy!] alcohol, ethyl aleohol, acetone, n-butyl alcohol, and isoamy! 
aleohol were chromatographed on columns of charcoal, Celite, magnesium oxide, and 
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Figure 1. Visible spectra of pigments derived from 2-thiobarbituric acid and oxidized 
milk fat, malonaldehyde, and 2-sulfanilamidopyrimidine. 
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Florisil.* The less polar solvents (n-butyl aleohol and isoamyl alcohol) were also used 
on columns of sugar, starch, silicic acid, and clay. The only satisfactory results were 
obtained with Celite-Florisil columns developed with water. Concentration of eluates 
obtained by this procedure invariably yielded a white crystalline precipitate. This 
appeared to be a silicate from the column even though the adsorbant was given a pre- 
liminary washing. The amounts of pigment obtained by this procedure were so small 
that attempts to obtain pure fractions were unsuccessful. 

On one oceasion, development of a Celite-Florisil column with pH 9 buffer resulted 
in a relatively sharp separation of two red fractions. These fractions possessed maxima 
at 515 and 540 my, Attempts to repeat this fractionation were unsuccessful. 

Various anion exchange resins (Amberlites*°—IR-4AC, IR 4B, and IR 400; Duolite‘’ 
A-2) were also used in attempts to separate unreacted thiobarbituric acid from the 
pigments. All resins investigated adsorbed the color tenaciously. When the columns 
were washed with 20% HCl, thiobarbiturie acid was present in the eluate. In an effort 
to determine whether this elution was quantitative, known additions of thiobarbituric 
acid were made to aliquots of aqueous solution, and the eluates recovered were analyzed 
spectrophotometrically. Plots of thiobarbituric acid recovered against added thiobarbi- 
turie acid were not linear. Subsequent work, reported below, indicates that hydrolysis 
of the pigments probably occurred under these conditions. 

Solvent purification of pigment preparations. Various solvents and solvent combina- 
tions were used in attempts to remove impurities from the crude pigment preparations. 
Neither the use of extraction apparatus nor the application of recrystallization tech- 
niques yielded pure pigments. 

Preparation of derivatives. The pigments would be expected to contain certain 
reactive groups. Although the formation of derivatives yields positive information con- 
cerning structure, failure to form a particular derivative does not necessarily imply 
the absence of that reactive group. A large bulky molecule is subject to steric hindrance 
and other factors that result in decreased activity might also be present. 

Standard chemical procedures (14) were used in attempts to form derivatives of the 
pigments. Semi-carbazide, p-nitrophenylhydrazine, and 2, 4-dinitrophenylhydrazine, 
which normally detect a carbonyl group, were all tried without effect. Permanganate 
oxidation to an acid was also attempted. Although the permanganate was reduced, no 
acid was recovered by standard erystallization procedures and ether extraction of the 
reaction mixture. Hydroxyl-type derivatives—diphenylurethane, benzoate, p-nitroben- 
zoate, acetate, and nitrophthalate—were not obtained. Unsuccessful attempts to form 
the acetamide, benzamide, phenylthiourea, and picrate indicate that an amino group 
was not readily available for reaction. 

Spectrophotometric analyses. The absorption spectra of pigments formed from 
thiobarbituric acid and 2-sulfanilamidopyrimidine, malonaldehyde, and oxidized milk 
fat, determined on a Beckman Model DU quartz spectrophotometer, were identical in 
the visible region (Figure 1). 

Ultraviolet spectra proved helpful in establishing the purity of pigment prepara- 
tions. 2-Thiobarbiturie acid and 2-sulfanilamidopyrimidine have similar ultraviolet 
spectra (Figure 2). In water solution, both exhibit a primary maximum at 262-265 mz, 
and a secondary maximum at 240-242 mu. These maxima are evidently a characteristic 
of the pyrimidine structure. In 1.5 N HCl, the primary maximum of 2-thiobarbituric 
acid is at 282 my. Aqueous solutions of malonaldehyde exhibit a single maximum at 
240 mu, 

In one of the chromatographic experiments a trace fraction of pigment from oxi- 
dized milk fat was isolated that exhibited essentially no absorption in the ultraviolet 
region. In using ultraviolet spectra as a measure of impurities in the pigments it was 
assumed that the pigments from malonaldehyde and from 2-sulfanilamidopyrimidine do 
not absorb in the ultraviolet region. 

When known amounts of 2-thiobarbituric acid were added to aqueous solutions of 
the malonaldehyde pigment, both ultraviolet maxima were increased but there was no 


* A synthetic magnesium silicate, obtainable from the Floridin Company, Warren, Pa. 
* Obtainable from Rohm and Haas Co., Philadelphia 5, Pa. 
* Obtainable from Chemical Process Co., San Francisco 2, Calif. 
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Figure 2. Ultraviolet spectra of 2-thiobarbituric acid and 2-sulfanilamidopyrimidine 
change in the visible maximum. 


When the concentration of thiobarbiturie acid added 
was plotted against the primary ultraviolet maximum, the secondary ultraviolet maxi- 
mum, or their sum, a general trend was evident. 


linear, which was not the case in the region pH 2 to pH 7 


In 15 N HCl the relationship was 
. Figure 3 illustrates a plot of 
the primary ultraviolet maximum against the concentration of added thiobarbituric 
acid. Assuming that the pure color compound does not absorb in the ultraviolet, extrapo- 
lation to zero optical density would give the concentration of unreacted thiobarbituric 
acid originally present in the sample. 

Degradation of malonaldehyde color. Subjecting solutions of the malonaldehyde- 
thiobarbituric acid pigment in 1.5 N HCl to a temperature of 100°C. for 24-36 hours 


resulted in disappearance of the color and in increase in the optieal density at 235 my. 


When aliquots of color solution containing known additions of thiobarbituric acid were 
treated in this manner the optical density at 235 mp was a straight line function of the 
amount of thiobarbituric acid added (Figure 4). Both malonaldehyde and thiobarbi- 
turic acid disappear under the conditions employed. The rate of disappearance of the 
former is fairly rapid, and the degradation products do not absorb in the region 220-600 
mu. In contrast, thiobarbituric acid gives rise to a material that exhibits an absorption 
maximum at 235 my, which disappears in turn at a slower rate. 

Assuming that the optical density at 235 mu is a measure of the total concentration 
of thiobarbiturie acid, extrapolation to zero optical density would give the total eon 
centration of thiobarbituric acid obtained by degradation of the original color sample. 
The difference between the corrected weight of the sample and the weight of the thio 
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Figure 3. Results of thiobarbituric acid additions to the malonaldehyde derived pig- 
ment in 1.5 N HCl. 


Data 


barbiturie acid produced by its degradation should be due to malonaldehyde. 
treated in this manner indicated that 1.0 mole of thiobarbituric acid reacted with 1.0 
mole of malonaldehyde without loss of water to produce the color with absorption maxi- 
mum at 528-532 mu, 

Isolation of a second malonaldehyde color. On one occasion, an effort was made to 
exhaust the unreacted thiobarbituric acid by distilling malonaldehyde into a heated 
solution of thiobarbituric acid for a period of several days. The color product that was 


isolated by evaporation to dryness exhibited its maximum at 507 mu (Figure 5). The 
maximum shifted to the usual 528--532 my position when a solution of this material was 
heated in the presence of added thiobarbituric acid. Spectral examination of the pig- 
ment with maximum at 507 mu before and after degradation, by the procedure described 
above, indicated that three molecules of malonaldehyde had reacted with one of thiobar- 
biturie acid, 

Ratio of occurrence of free thiobarbituric acid and free malonaldehyde in color 
preparations. No preparations were obtained whose spectra revealed them to be com 
pletely free of unreacted thiobarbituric acid and malonaldehyde. The pigments were 
usually dissolved by boiling 8-10 mg. for 5-10 minutes in 500 ee. of distilled water. The 
ultraviolet maxima characteristic of the parent compounds increased, and the maximum 
at 528-532 mu decreased during boiling and subsequent holding of the solution. The 
ultraviolet maxima of these solutions of recrystallized eolor were probably due to thio- 
barbiturie acid and malonaldehyde freed by hydrolysis of part of the pigment. If this 
were 80, then their relative concentrations should be constant, and should indicate their 
combining proportion, 

Solutions containing malonaldehyde were prepared by collecting the distillate from 
the acid hydrolysis at 100°C, of Al:2-3, 3-dimethoxysodiumpropoxide. It was assumed 
that the hydrolysis would yield 2 moles of methyl aleohol to 1 mole of malonaldehyde, 
and that delivery of both products to the receiver would be essentially complete. An 
aliquot of the distillate was oxidized with excess potassium permanganate and the 
residual permanganate determined by titration with standard sodium thiosulfate. As- 
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Figure 4. Results of the degradation of the malonaldehyde-thiobarbituric acid pig- 
ment in 1.5 N HCl. 
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suming complete oxidation of the methyl aleohol and malonaldehyde to the correspond 
ing acids, the data permitted calculation of the malonaldehyde concentration. 

Standard curves were prepared for malonaldehyde and for the primary and see 
ondary maxima of thiobarbituric acid in 15 N HCl. A number of color solutions were 
analyzed for thiobarbiturie acid on the basis of their absorption at the primary ultra 
violet maximum. The absorption at the secondary maximum (which coincides with the 
malonaldehyde maximum) was determined from the graph. The residual absorption 
was assumed to be due to malonaldehyde. This procedure was used to determine the 
concentration of free thiobarbituric acid and free malonaldehyde in a number of color 
solutions. A plot of thiobarbituric acid concentration against malonaldehyde concentra 
tion approximated a straight line with a slope of 1.02, These data also indicate an 
equimolar reaction between malonaldehyde and thiobarbituric acid to produce the eolor 


compound(s). 
Elemental! analyses. 

pigment preparations, all of which contained inorganic material. 

inconsistent to justify definite conclusions. Spectrophotometric estimations of the purity 


Combustion and nitrogen analyses were performed on several 
The results were too 


of these samples were not performed. 

Molecular weight determinations. Several attempts, based on colligative properties, 
were made to determine the molecular weight of the pigments. Due to the low solubility 
and slow but constant degradation these attempts were not successful, 


DISCUSSION 


Although the pigments prepared from thiobarbituric acid and oxidized 
milk fat, malonaldehyde, and 2-sulfanilamidopyrimidine exhibit the same 
spectral characteristics in the visible range, this observation does not justify 
the conclusion that the compounds are identical. As pointed out by Stearns 
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Figure 5. Ultraviolet and visible spectrum of a second malonaldehyde-thiobarbituric 
acid pigment. 


(15), some structural differences introduce essentially no change in the 
spectral absorption curve over a limited range of wavelengths. Identifica- 
tion based on agreement of absorption curves is recognized as being at 
best only identification of a chromophore group. 

Thiobarbiturie acid reacts with aromatic aldehydes to produce highly 
colored precipitates. Identification of these pigments has been based prin- 
cipally on combustion analyses. It has been generally assumed that the 
pigments are relatively small molecules resulting from condensation. At- 
tempts at characterization have been influenced by this assumption. Neither 
the results of this study nor data reported by others provide evidence that 
rules out the possibility that the pigments are larger molecules. Results 
presented in this paper support the observation of Kitamura and Suzuki 
(8) that pigments with different combining ratios can be formed. The 
presence of various reactive groups on the parent compounds could make 
association of condensed units possible. The formation of a relatively 
large complex molecule with variable composition might account for the 
low solubility, thermal decomposition, the failure to form derivatives, and 
the lack of consistency in elemental analyses. 

The results reported do not justify definite conclusions regarding iden- 
tity of the pigments, their structures, or the reactions by which they are 
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formed. Data permitting more definite conclusions concerning the mole- 
cular weights are essential before elemental analyses and combining ratios 
can be properly interpreted. 

‘ 


SUMMARY 


Methods for the preparation of pigments from thiobarbituric acid and 
oxidized milk fat, malonaldehyde, and 2-sulfanilamidopyrimidine are pre- 
sented, and the general characteristics of the pigment preparations are de- 
scribed. Various oxidized vegetable oils were found to react with thiobar- 
bituric acid to produce the characteristic red color. The chromatographic 
adsorption techniques investigated did not prove satisfactory for isolation 
and purificatior of the pigment preparations. Attempts to form chemical 
derivatives were unsuccessful, and the solubility characteristics of the pig- 
ments prevented the determination of molecular weights by colligative 
properties. Elemental analyses of pigment preparations were not suffi- 
ciently consistent to justify definite conclusions. 

A spectrophotometric technique permitting calculation of the stoichi- 
ometry of the malonaldehyde-thiobarbiturie acid pigment is presented. 
Results suggest an equi-molar reaction without loss of water. Other spectral 
data indicate the pigment is degraded to yield equal quantities of malon- 
aldehyde and thiobarbituric acid. A second malonaldehyde-thiobarbiturie 
acid pigment with an absorption maximum of 507 mp was isolated. The 
spectral techniques indicated a combining ratio of 3 aldehyde molecules 
to 1 thiobarbituric acid molecule for this pigment. 
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Color is one of the important characteristics of a food upon which the 
consumer bases his initial response. If appealing, he will be encouraged 
to investigate further; if unnatural or abnormal, he will generally reject 
the product. It is therefore important to preserve as much of the original 
natural color as possible during processing and storage of any commodity 
and to check one’s success by a sensory evaluation. 

In an investigation of the time-temperature-tolerance of raw and dehy- 
drated sweetpotatoes of the Unit I Porto Rico Variety, it was desirable 
to have the panel (11 males and 8 females selected from the scientific and 
administrative personnel of this iaboratory) grade the reconstituted prod- 
ucts subjectively for color. Many of the usual variables encountered in 
an investigation of this type were, in this case, common to all the samples. 
For instance, variety, climate, fertilization, and time of harvest were 
assumed to have had the same degree of influence on all the potatoes 
since the entire lot, approximately 2000 pounds, was of the Unit I Porto 
Rico variety, grown in West Feliciana Parish, Louisiana, and harvested 
in October, 1952. All handling and processing conditions were standard- 
ized and their effects on the samples were likewise assumed to be similar. 
Changes in color during storage, therefore, were expected to be gradual, 
the rate depending on the duration and temperature of storage and on 
the state of the sweetpotatoes, i.¢., raw or dehydrated. 

The Unit I Porto Rico sweetpotato has a natural bright orange color. 
Chemical changes occurring in the raw stock during storage have resulted 
in a loss of some of the pigment (2, 9) with the disappearance of some or 
most of the bright orange color giving rise to yellow orange and later 
yellow potatoes, depending upon the severity of the storage conditions. 
Production of dehydrated dice—uncooked dried sweetpotato cubes (1 em.") 
—ineluded steps which would cause only a minimum leaching of the nat- 
ural color, and storage of the dehydrated product was expected to result 
in some browning, depending upon the temperature and time of storage 
among other variables (7, 10). 

Because of the possible chemical changes expected during storage of 
the raw and dehydrated sweetpotatoes, six colors arranged in the order 
outlined; bright orange, yellow orange, yellow, brownish yellow, brownish 
orange, brown were listed on the seore sheet. The panel was instructed to 
select the term which most nearly described the color of the sample. The 
judges were permitted to grade a sample of the reconstituted dice (defined 
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as the cooked reconstituted product made from the dehydrated dice) mid- 
way between two colors. Therefore, there were a total of 11 categories into 
which a sample could be placed. Color grading was deliberately coarse. 
However, the number of categories was sufficient to bring out trends if 
changes occurred since it was essential to know which temperatures con- 
tributed to or operated against the preservation of the natural bright 
orange color in both the raw and dehydrated material. 

Judgments rendered by the panel on samples in which the carotene 
content and extractible color remained essentially unchanged from time 
of harvest and which appeared to possess a bright orange color when 
reconstituted received ratings indicative of much color change. Individual 
scores for the same sample also varied greatly. These variations might 
be due to the fact that the judges had no previous training in color 
judging and were, therefore, grading on the basis of earlier experiences 
totally unrelated to color grading of foods. 

Available color standards were inconvenient to use and did not pro- 
vide the associated wetness, gloss, and texture effects. Color plates such 
as those of Magoon and Culpepper (8) were not applicable to the problem 
since theirs was a varietal study which did not cover the range of colors 
required. As a result, it was impossible to overlook the need of the judges 
for color references that would parallel in appearance the wetness, gloss, 
and mealy texture of the pureed reconstituted dice and at the same time 
possess the color of the product being graded. It was believed that a simple 
approach to the problem could be achieved by preparing reasonably per- 
manent references of the product embedded in plastic in a range of colors 
selected on the basis of color changes expected during the experiment. In 
using the references, color evaluation became simply a matching of colors 
which, according to Judd (5), will succeed, provided both sample and 
reference are always viewed against the same surroundings. 


PREPARATION OF COLOR REFERENCES 


Preparation of the references involved a selection of dehydrated sweetpotato dice 
for uniformity of color, grinding each sample in a Wiley Mill using a 20-mesh screen, 
and dividing into fractions by shaking on a 20- and 40-mesh sereen. The through 20 on 
40 and through 40 fractions were used to prepare the references. 

The bottom half of a 2-inch petri dish was filled to a depth of approximately 1.3 em. 
with the monomer, methyl methacrylate (Rohm and Haas”) in which was dissolved 
5.2% 2,4-dichlorobenzoyl peroxide (Lucidol Division, Novadel-Agene Corporation”) in 
place of the unsubstituted benzoyl peroxide recommended for embedding agricultural 
specimens (3). A sufficient quantity of the ground dehydrated sweetpotato dice was 
added to the liquid in the dish so that when the solid had been thoroughly mixed and 
settled to an even layer, there remained a clear liquid layer of approximately 0.5 em. in 
depth above the sweetpotato slurry. The dish was then placed in a pint-size, wide 
mouth Mason jar and the petri dish-cover set in position. Three covered petri dishes 
could be loaded into one jar which was sealed with a rubber-seal screw top and placed 
in a wooden constant temperature cabinet maintained at 100°F. (37.8°C.) for approxi- 
mately 5 days. The hardened dise, usually 0.5 to 0.6 em. thick, was obtained by breaking 
away the glass dish. Many were made in a variety of colors obtained from the various 


* The mention of trade products or companies does not imply that they are endorsed 
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samples of dehydrated sweetpotatoes. The 6 dises approximating most closely the colors 
of the reconstituted sweetpotatoes described by the terms on the seore sheet were 
mounted with putty in %& inch recessions on a suitable wooden tray painted a neutral 
gray. Two and one-half inches of space were allowed between dises on the tray (31 X 4 
x % inches) to permit setting the unknown contained in a 2-inch petri dish immediately 
adjacent to the reference. The smooth bottom of the dise was used for grading color. 
In appearance it resembled the moist, freshly prepared puree, the more finely ground 
material approximating more closely the texture of the sample to be graded. The gloss 
of the reference surface corresponded to that observed when the pureed sample to be 
graded is turned over and examined through the glass bottom of the petri dish in which 
it is contained. This procedure was developed with the assistance of the panel by trial 
and error. 

Color was judged in an individual booth in which 3 walls and the ceiling were painted 
neutral gray. A heavy black cloth covered the entrance to the booth. Light for the 
color comparisons was furnished by two 100-Watt lamps placed 9 inches above the 
references. Unfiltered light from incandescent lamps was used in preference to daylight 
because the former is believed to parallel more nearly that under which the reconstituted 
dehydrated sweetpotatoes would be consumed, 


LIFE EXPECTANCY OF REFERENCES 


A slight browning beame noticeable in the bright orange, yellow orange, and yellow 
dises after approximately 40 hours exposure to the conditions under which they were 
used. Therefore, it was decided to use this time interval for the best life-expectancy of 
the set of color references employed in these investigations. Allowing approximately 
60 seconds for each judge to rate 3 samples and 20 judges to a panel, it should be 
possible to use the references for 120 panel sessions. Greater protection was afforded 
the references by covering them with a black, light-tight wooden cover between use, 


OBJECTIVE MEASUREMENT OF COLOR REFERENCES 


If a storage experiment is to continue in excess of 120 panel sessions, new reference 
standards, matching the first set as closely as possible are a prime requisite. Further 
more, if grading of color of reconstituted dehydrated sweetpotatoes by the subjective 
method outlined, is to be conducted in more than one laboratory, references which 
match very closely will be required if equivalent grading is to be expected from the 
color panels. It therefore becomes desirable to obtain objective color designations, in 
accepted color terms, of the references used which will permit their duplication at any 
future time or at any other location. 

A spectral reflectance curve, in terms of optical densities, was obtained for each of 
the 6 references by use of a Cary automatic recording quartz speectrophotometer” 
equipped with a diffuse reflectance attachment. From these curves optical densities were 
read at 10 my intervals and converted to reflectance. Tristimulus values and the tri 
chromatic coordinates x, y, and z, were caleulated by the weighted ordinate method 
using data for the C. I. E. illuminant C and the C. I. E. standard observer from Table 1 
in a paper by Kelly, Gibson, and Nickerson (6). The psycho-physical attributes, domi 
nant wavelength, and excitation purity, were determined by application of the tristimulus 
value Y and the trichromatie coordinates x and y to Charts Nos. 13 and 18 in the Hand- 
book of Colorimetry (4). Luminous directional reflectance is equal to Y multiplied by 
100. Munsell renotations were obtained by application of the C. I. E.-Munsell conversion 
charts in a paper by Newhall, Nickemon, and Judd (11). These values for the 6 refer 
ences are given in Table 1. 

The trichromatic value Y, on the equivalent luminous directional reflectance, is low 
for all standards. As might be predicted, the x trichromatic coordinate, or ‘‘ red faetor,’’ 
increases from the yellow to the bright orange reference, then decreases toward the 
brown. The dominant wavelength exhibits a small but steady shift toward longer wave- 
lengths from the yellow through the bright orange to the brown reference. These values, 
either C. I. E. designations or Munsell renotations, constitute data from which the 6 
references can be reproduced exactly at any time or at various locations. 

Although not of primary importance to a subjective method for grading color, it 
was of some interest to compare objective color values for the references with some 





M. G, LAMBOU, I. W. LOHMANN, AND R. T. 0’CONNOR 


TABLE 1 


C. I. E. color designation and Munsell renotations of sweetpotato color references and of 
representative reconstituted dehydrated sweetpotato samples 
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actual reconstituted dehydrated sweetpotato samples. C. I. E. designations and Munsell 
renotations were obtained in exactly the same manner as these data had been measured 
for the references. The values for 5 sweetpotato samples, covering most of the range 
of the color references are included in Table 1. As the references were made from 
selected dehydrated sweetpotato dice, the trichromatic value Y or luminous directional 
reflectance might reasonably be expected to be closely similar for both referenees and 
sweetpotato samples, As selection of the references was made by a visual examination 
of the samples, the x coordinate, or ‘‘red factor’’ to which the eye is particularly 
sensitive, might also be predicted to be in close agreement between sample and reference. 
Data in Table 1 indicate that for a sample and a corresponding reference these values 
are similar, The reflectance is of the same low order of magnitude as the references for 
all samples and the x coordinate for any sample has a value very close to the corre- 
sponding reference showing the same increase in value from yellow to bright orange 
and subsequent decrease to brown. The dominant wavelength shows the same tendencies 
to shift to longer wavelengths and is of the same general magnitude for samples and 
references, 

In matching color, however, the eye may substitute for a reflectance at a particular 
frequency, reflectances at other frequencies which will result in close visual match under 
one illumination. Hence, references and samples may be metamerie and values for 
exeitation purity and value/chroma ratio, which depend upon spectral isolation, may 
vary considerably. Data in Table 1 show that in the samples measured these values 
differ considerably. However, in a subjective method of color grading, these differences 
are of no great concern as long as the conditions of illumination under which the 
matehing is to be accomplished are critically defined and maintained. 


UTILITY OF COLOR REFERENCES 


Utility of the references resulted in a redistribution of judgments, 
more nearly in accord with the appearance and history of the samples 
when all samples being graded had approximately the same carotene con- 
tent. Three samples stored as raw stock for one month at 50° (10°C.), 
60° (15.6°C.), and 70°-75°F. (21.1-23.9°C.), were dehydrated, and found 
to contain about the same quantity of carotene, Table 2. These samples 
were reconstituted and graded without references, 19 judgments being 
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Figure 1. Distribution of fifty-seven judgments of color with and without references. 


obtained for each sample. Since all 3 samples contained approximately 
the same quantity of carotene, all judgments were grouped and treated 
as those of one sample. Distribution of the 57 judgments is illustrated 
by the striped bars in Figure 1. The histogram shows that less than 1, 
of the judges rated the sample as bright orange, approximately 1% rated 
it as yellow orange, and the remainder thought it was brownish yellow. 
It was interesting to note that all the judges avoided the term yellow. 

The raw sweetpotatoes stored for one month at 50°F. (10°C.) were 
dehydrated, subdivided, and subsamples were stored under nitrogen at 
-10° (—28.3°C.), 75° (23.9°C.), and 100°F, (37.8°C.). The carotene con- 
tent of these samples was essentially the same and showed no decrease as 
compared to the parent sample or to the freshly harvested and cured 
potatoes (Table 2). Graded with references, redistribution of the 57 judg- 
ments is illustrated by the black bars in Figure 1. Almost 24 of the judges 
rated the samples as bright orange, nearly 14 as yellow orange and an 
insignificant few as yellow. With the aid of color references it is shown 
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TABLE 2 


Carotene content of dehydrated products made from the Unit I Porto Rico Sweetpotato, 
1952 crop, at various stages of storage in the raw and dehydrated state. 








. Carotene content? on a 
History of sample' dry My basis 





ppm 
Freshly harvested 

Freshly harvested, cured 

for 10 days at 85°F, (29.4°C.) 
and 85% R.H. 229 


Stored raw for 1 mo. at 50°F. (10°C.) 60°F. (15.6°C.) 





217 226 


Stored raw for 1 mo. at 
50°F, (10°C.), then dehy- 
drated and stored under 


nitrogen for 9 weeks at 10°F. (-23.3°C.) |75°F. (23.9°C.) 100° F. (37.8°C.) 








266 224 224 











1 Raw products were stored at Louisiana Agricultural Experiment Station, Baton Rouge, Lou- 


isiana, 
* Each figure represents the average of duplicate determinations, according to alternate method 


(b) of A.O.A.C, (1). 


then that the panel as a group judged the color of the samples as close to 
the natural bright orange of the Unit I Porto Rican sweetpotato. 


PANEL REPRODUCIBILITY 

The panel has been using the color references continuously over a 
period of 6 months. During that interval, the judges, as a group, have 
been checked repeatedly to determine the reproducibility of their judg- 
ments by including sets of hidden duplicate controls among the samples, 
each set of duplicates having been judged at one session. These controls 
came from various lots of canned sweetpotatoes of unknown history. Re- 
sults representative of panel reproducibility in judging color with the 
aid of references are illustrated in Figure 2, giving data for 3 different 
sets of hidden duplicate controls. In this figure, each letter signifies that 
a different control sample had been used. The subscripts indicate that 2 
samples were presented from each control. Since these were hidden con- 
trols, they were coded by labelling with 2 different letters when presented 
to the panel so that their relationship remained unknown. The judgments 
rendered for one set of duplicate controls are represented by the shaded 
and unshaded bars. For example, the shaded bar in the topmost histogram 
of Figure 2, represents the summation of judgments rendered for Control 
A,. The unshaded bars represent the same number of judgments for Con- 
trol A,. There is only a slight variation in the pattern. The histograms, 
demonstrating the ability of the panel to rate duplicates, have been ar- 
ranged in chronological order reading from the top down. 


DISCUSSION AND SUMMARY 
Color evaluation of foods is extremely important as has been pointed 
out and instrumental determinations of color do not take into account 
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Figure 2. Reproducibility of color judgments with the aid of color references, 


the psychological aspect of the problem. Color dictionaries contain 80 
many shades of color that any attempt to use them only adds to the con- 
fusion. Specially made tiles even though portraying the exact shades 
desired lack the appearance of the product being graded. The utility of 
the references described here suggest that the idea may have wide appli- 
cation to many other agricultural products, particularly in the fruit and 
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vegetable industries. No attempt has been made to utilize this idea in the 
case of other food materials. In this connection considerable caution should 
be exercised with respect to the stability of the product being investigated, 
particularly if the moisture content cannot be reduced without the devel- 
opment of undesirable side reactions. In this instance moisture content 
was apparently of no consequence as the dehydrated dice were very dry, 
approximately 5-6% in moisture content. It is conceivable that many 
variations will be necessary in adjusting the formula to fit the product 
being investigated. 

Use of color as an index of quality is fundamental in the reaction of 
the consumer to a food; however, the measurements made here should not 
be construed as those of consumer preference because every effort was 
made to remove the elements of personal preference from the actual color 
judgment. Application of the references limited the scope of judging to 
the range of the references reducing color-grading to an act of color- 
matching, an act in which, it is hoped, preference did not participate. 

In this investigation it has been found advantageous to grade color 
subjectively in reconstituted dehydrated sweetpotatoes by furnishing plas- 
tic color-references in which were embedded ground dehydrated sweetpo- 
tato dice in a range of colors covering the changes expected during the 
experiment. The preparation of the references, their objective color desig- 
nations, utility, and life-expectancy are described. 
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Near East peoples follow essentially a cereal diet (2). Meat and other 
animal protein foods are included only in small amounts. In some rural 
areas the amount of meat consumed is almost nil except for occasional 
indulgence on feast days. The cereal diet, however, is usually supple- 
mented with liberal amounts of legumes. Our experience suggests that 
such legume-cereal mixtures supply a mixed protein which is often of 
superior nutritive value. 

We are reporting here protein efficiency ratios measured by the rat 
growth method on the commonly used legumes, and also on the widely used 
parboiled wheat of the Near East. Included are measurements on a group 
of legume and parboiled wheat mixtures of which at least three are in 
common use in Near East areas. These mixtures were composed in each 
case of the dried materials mixed in 1:1 and 1:1:1 proportions (Table 3). 
Whole wheat was included in the series as a reference material. These 
measurements were part of a search for indigenous food materials contain- 
ing high quality protein suitable for milk substitutes in infant feeding. 


EXPERIMENTAL PROCEDURE 
Table 1 gives the proximate analysis for market samples of legumes and wheat 
products purchased in Beirut. The methods of analysis were those of the A.O.A.C, 
(ref. 7th edition, 1950). 


TABLE 1 


Proximate analysis of legumes in the Near East dietary 
(In per cent of edible portion) 








Available 


English Botanical Arabic Protein 
name name name Molstare (N XK 6.25) x... Ash 


Chick pea Cicer arietinum Hommos| 11.8 17.8 59.2 2.6 
Lupinus termis Turmus 10.0 36.8 9.4 11.3 2.9 
Cowpea Vigna catiang Lubiya 11.9 19.6 1,1 48.4 3.1 
Broad bean Vicia faba Ful 10.1 23.5 1.2 59.9 2.7 
Searlet bean | Phaseolus multiflorus | Fasulia 11.9 19.6 1.5 40.2 3.5 
Kidney bean | Phaseolus vulgaris Fasulia 11.6 22.5 0.9 45.0 3.5 
Lentil Lens esculenta Adas 10.8 24.0 0.8 50.7 2.6 





Lupine 


























The protein efficiency ratio has been determined by standardized technique, using 
weanling rats, averaging about 40 g. in weight. Measurements are reported on 13 
different diets, with 10 animals as a rule on each diet. Litter mates and males and 
females were distributed as evenly as possible between the different diet groups. The 
animals were fed a uniformly controlled intake, each rat being fed 7 g. per day at the 
beginning of the experiment, which was increased after one week to 8 g., then to 9 g. 
and finally to 10 g. for the fourth and last week, These graded amounts represented a 
border-line intake based on earlier experiments with the paired feeding method. In a 
few cases, the actual intake fell slightly below the amounts fed. The animals were 
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housed in individual sereen-bottom cages. The usual precautions were taken; non- 
scattering food cups were used. Distilled water was available ad libitum. The intake 
was measured daily and the animals were weighed at 3-day intervals. An adjustment 
period of 2 days was allowed at the beginning of the experiment; the measurements 
proper covered a total of 30 days. 

Each of the diets was made up to contain the food material being studied as the 
sole source of protein, on a 10% protein level. The diets were uniformly constructed 
and were essentially equicalorie except for the slight error caused by qualitative differ- 
ences in the carbohydrate present in the diet. Each diet contained 2% of cod liver oil; 
the total fat content was equalized at a 10% level by adding hydrogenated fat 
(CRISCO). Each diet also contained 2% of salt mixture (4) and 2% of dextrose 
containing the vitamin mixture recommended by Horn et al (8), but to which vitamin 
Bi was added at a level of 2.5 micrograms per kilo of diet. Finally, corn starch was 
added to bring the total constituents of each diet to 100%. 

The vitamin mixture employed was mixed with dextrose in such amount that the 
desired amounts of the vitamins were supplied when the dextrose base as noted above 
was added so as to constitute 2% of the diet. Amounts of each diet less the dextrose- 
vitamin mixture were prepared sufficient for the entire period of the experiment, and 
the protein content (N X 6.25) cheeked by Kjeldahl determination. To avoid loss of 
vitamin potency in the mixed diet, the vitamin-dextrose mixture was prepared separately 
and incorporated into amounts of diet sufficient for 7-8 days of feeding. 

In the case of the legumes tested, cooked rather than uncooked material was used. 
The method of cooking was that commonly employed in the Near East, which involved 
simply adding water and then cooking till soft; this required from one to two hours. 
The chick peas and broad beans were first soaked in water overnight before cooking. 
In the case of chick peas, about 10 g. of sodium bicarbonate per kg. was added during 
the cooking process. The cooked material was then rapidly dried in a foreed-draft oven 
at 65°C., powdered, and incorporated into the diets in this dried form; parboiled wheat 
was not submitted to further cooking. All legume and parboiled wheat samples before 
incorporation into diets were milled to pass 20 mesh. Included in the measurements 
was one group of animals fed uncooked chick pea (Table 2). 


TABLE 2 


Protein efficiency of legumes and wheat products used in the Near East 
(Ten per cent protein level; experimental period: 30 days; 10 rats in each group, except 
as indicated, Protein efficiency ratio = grams of growth per gram of protein consumed) 
Protein effi- 
Protein-containing Average gain Protein ciency ratio 


food material in weight intake +> standard 
deviation 














Legumes grams 
Chick pea** 30.4 1.47 + 0.24 
Chick pea, cooked : 49.1 2.05 + 0.10 
Lentils, cooked 25.7 1.15 + 0.14 
Broad bean, cooked 30.8 1.17 + 0.17 
Kidney bean, cooked 36.9 1.51 + 0.22 


Wheat Products 


Parboiled wheat (burghul) 1.44 + 0.07 
Wheat’ 31. 1.39 + 0.20 














* Uncooked. 
* Six rate. 


RESULTS AND DISCUSSION 


The results of the protein efficiency measurements are shown in Tables 
2 and 3; the protein efficiency ratio is calculated in the usual manner as 
the growth in grams per gram of protein consumed. Among the single 
legumes (Table 2) the highest value is that shown by the chick pea. It is 
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significant that this is the one most widely used among the legumes in the 
Near East; it is usually eaten in the form of a cooked gruel mixed with 
sesame emulsion. The uncooked chick pea shows a much lower protein 
efficiency ratio. The broad bean, extensively used in Egypt, shows a low 
protein efficiency ratio. Parboiled wheat as used in the Near East has been 
described elsewhere (35). 


TABLE 3 


Protein efficiency of mixed protein food materials 
(Ten per cent protein level; experimental period: 30 days; 10 rats in each group, Pro- 
tein efficiency ratio= grams of growth per gram of protein consumed) 





Protein efi 

Protein-containing Average Protein ciency ratio 

food material gain in intake + standard 
weight deviation 





grams grams 
Chick pea* - 2 
ky 56.4 27.0 0.26 


+ Parboiled wheat 


Lentils* { 87.5 
+ Parboiled wheat oe 


sroad bean* 
+ Parboiled wheat 


Broad bean* 
+ Chick pea* 


Broad bean* 
+ Chick pea* 
+ Parboiled wheat 


Parboiled wheat 


1 
+ Milk (leban) (3) 

















* Cooked. 

(1) mixture 1:1 by weight. 

(2) Falafl: mixture 1:1:1 by weight. 

(83) Kishk: consisting approximately of two parts of parboiled wheat and one part of milk 
(leban) by weight. 


The protein efficiency ratios for the mixtures (Table 3) indicate that 
the addition of parboiled wheat to any of the single legumes yields a 
mixture with increased nutritive value in respect to the protein fraction. 
The chick pea and parboiled wheat are two food materials that frequently 
appear together at the same meal, although they are not usually combined 
in a prepared mixed cereal. The protein efficiency ratio of this chick pea- 
parboiled wheat mixture is high. 

The mixture containing the two legumes plus parboiled wheat in the 
proportion 1:1:1 is the material used in making falafil, a coarse meal-mush, 
which is cooked by deep-frying and is very popular among the laboring 
class in Lebanon; it is regarded, however, as a second class food. Its pro- 
tein efficiency ratio is shown here to be very high. Kishk (2), made from 
parboiled wheat plus /eban (yoghurt), is essentially milk dried on a par- 
boiled wheat base; it is a food material long in use in the eastern Medi- 
terranean area and is regarded as of high nutritive value. It shows a high 
protein efficiency ratio. 
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We have previously reported the use of legume-cereal mixtures in North 
China (1) and have stressed the superior nutritive value of some of these 
mixed protein sources. It would appear that rural peoples whose food 
intake is limited essentially te food materials of vegetarian origin have 
often, perhaps by blind experiment, selected for use just those mixtures 
where the protein fraction, as shown by subsequent laboratory experiment, 
possessed a strikingly high nutritive value. 


SUMMARY 


Measurements of the protein efficiency ratio have been carried out on 
the common legumes used in the Near East and on various legume-con- 
taining mixtures, in which parboiled wheat is employed as one of the 
ingredients. 

Cooked chick pea alone, and the cooked chick pea-parboiled wheat 
mixture, both are shown by this method to possess high nutritive value 
with respect to the protein. The widely used falafil, a chick pea-broad bean- 
parboiled wheat mixture, also shows a high protein efficiency. Some degree 
of supplementary action among the protein constituents is evident for all 
the mixtures examined. 

These measurements suggest the important role of mixed food protein 
sources in areas where the intake is largely restricted to proteins of vege- 
tarian origin. 
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Widespread interest in the pressure saucepan for preparing the less 
tender cuts of meat led to a study of the influence of certain modifications 
of this procedure upon the cooking losses, palatability, and nutritive value 
of the proteins of round steaks. Few reports comparing the cooking losses 
and palatability of beef cooked by braising with that cooked under pressure 
have been published. Ehrenkranz and DeAtley (3) reported that when 14 
beef round roasts from one animal were cooked to an internal temperature 
of 175°F. (79.4°C.) in a conventional saucepan on top of a stove, total cook- 
ing losses averaged 28.65%, and those for 6 roasts from another animal 
averaged 30.18%. Roasts cooked under 10 p.s.i.g. pressure lost an average 
of 33.69% of their weight. Tucker, Hinman, and Halliday (12) obtained 
an average weight loss of 36% for heel of round roasts braised on top of a 
stove, 33% for those braised in an oven, and 34% when cooked under 15 
p.s.i.g. pressure to an internal temperature of 199.4°F. (93°C.). Clark and 
Van Duyne (2) studied the effects of roasting top round of beef at 300°F. 
(148.9°C.) to an internal temperature of 179.6°F. (82°C.), and of cooking 
this cut of meat under 15 p.s.i.g. pressure to the same internal temperature. 
The roasted meat lost an average of 29.5% of its original weight, whereas 
the pressure cooked meat lost an average of 35.6%. There was no difference 
in the tenderness of the meat cooked by the 2 methods, but a palatability 
panel preferred the flavor of the roasted meat and considered the pressure 
cooked meat too dry. 

The influence of heat upon the nutritive value of meat proteins has 
been reviewed recently by Cannon (1), Griswold (4), and Rice and Beuk 
(10). Rice and Beuk postulated that a certain critical temperature range, 
probably around 100°C. (212°F.), must be exceeded before biologically 
detectable heat damage occurs. Roasting to an internal temperature of 
160°F. (71.1°C.) did not reduce the biological value of beef proteins tested 
by Mitchell, Hamilton, and Beadles (8). Moreover, Kuiken and Lyman (6) 
observed that the essential amino acids of roast beef were completely 
available; and Neilands, Sirny, Sohljell, Strong, and Elvehjem (9) con- 
cluded that the essential amino acid composition of meat or fish was not 
altered materially during commercial canning. 

“Contribution No. 176, Department of Home Economics, Kansas Agricultural Experi- 


ment Station, Manhattan. 
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The present study was designed to compare meat cooked in a pressure 
saucepan under specific conditions with meat braised at atmospheric pres- 
sure in respect to: (a) cooking losses, (b) palatability, and (c) nutritive 


value of the proteins. 
EXPERIMENTAL METHODS 


Paired rounds from 3 carcasses, graded U.S. Commercial, were purchased from a 
Kansas City packing house. The 6 rounds were divided into top and bottom portions, 
and 4 steaks 1.5 inches thick were cut from each top and bottom round. Steaks from 
the left and right sides of the carcasses were cut as pairs. Each piece of meat, wrapped 
in cellophane with an outer wrap of waxed locker paper, was frozen in a blast freezer 
at ~10°F. (-23.3°C.), and stored at 0°F. (—17.8°C.) until used. 

Cooking methods. Three-fourths of the steaks were cooked in a pressure saucepan, 
and were equally divided among 3 cooking conditions: (a) under 10 p.s.i.g pressure 
to an internal temperature of 176°F, (80°C.), (b) under 15 p.s.i.g. pressure to an 
internal temperature of 176°F. (80°C.), and (c) under 15 p.s.i.g. pressure to an internal 
temperature of 234°F, (112.2°C.), The remaining one-fourth of the steaks were braised 
to an internal temperature of 176°F, (80°C.) in a rotary gas oven maintained at 300°F. 
(148.9°C.), A randomized complete block design was used for assigning the cooking 
methods to the steaks. Four adjacent paired steaks, each given a different treatment, 
i.e, method of cooking, made up a block. Analyses of variance were run on flavor, 
tenderness, and juiciness scores, shear values, and press fluid yields for the top and 
bottom round steaks, 

The frozen steaks were thawed in a refrigerator for 48 hours prior to cooking, then 
browned for 7.5 minutes on each side in 20 g. of suet. The steaks to be cooked under 
pressure were placed on a rack in a pressure saucepan (containing 30 ml. of water) 
equipped with both a thermometer and a thermocouple. The thermocouple was placed 
in the center of the semimembranosus muscle of the top round steaks or in the biceps 
femoris musele of the bottom round steaks and the cover of the pressure saucepan 
adjusted, The thermocouple was then attached to a Leeds and Northrup potentiometer 
which gave a direct reading in degrees Fahrenheit. The steam was allowed to escape 
from the saucepan for one minute before the weight was placed on the vent. 

When the steaks cooked to 176°F. (80°C.) reached this temperature, the pressure 
saucepan was removed from the heat, the pressure released immediately, and the meat 
removed from the pan. Steaks cooked to 234°F. (112.2°C.) remained in the saucepan 
after it was removed from the heat until the pressure returned to zero, which required 
10 minutes, 

The steaks to be braised were placed on a rack in an enamel roaster. A thermometer 
was inserted in the meat in the same position as described for the thermocouple. Thirty 
ml, of water was added, the roaster was covered and placed in an oven maintained at 
300°F. (148.9°C.), and the meat cooked to an internal temperature of 176°F. (80°C.). 

Palatability tests. A panel of 7 judges scored the meat for aroma, flavor of the lean, 
tenderness, and juiciness, Scores for each factor were given within the range of 10 to 1. 
Tenderness was scored on the basis of the number of chews required to completely 
masticate a bite of meat of standard size. Samples prepared by each of the 4 methods 
of cooking were tasted at one time. The meat was tasted cold since it was possible to 
pressure cook only one steak at a time. Each time the steaks were tasted, the judges 
stated a preference for one of them. 

Objective tests. Thawing losses, cooking time, cooking losses, shear values, and 
press fluid yields were determined for each steak, One-inch cores of meat were sheared 
on the Warner-Bratzler shearing apparatus and 25-g. samples of ground meat were 
pressed in the Carver laboratory press. 

Measurement of nutritive value. The nutritive value of the meat prepared by the 4 
methods under test and of the uncooked meat was evaluated in terms of growth and 
retention of nitrogen by weanling male rats of the Sprague-Dawley strain. Animals 
with an initial weight of 54+ 3 g. were distributed randomly among the 5 groups, 8 
or 10 rats being assigned to each. Analysis of variance and covariance were used to 
determine whether significant differences existed among the daily gains, nitrogen effi- 
ciencies, nitrogen balances, and quantities of nitrogen stored in livers and carcasses of 
the rats in the respective groups. 
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All portions of the uneooked rounds that were not required for cooking were pooled 
to provide raw meat for a reference group. Samples from specific areas in each steak 
given a particular treatment were utilized for investigation of the influence of that 
treatment upon the nutritive properties of the proteins. The 4 samples of cooked steak 
and one of raw meat were ground twice, using the medium blade of the grinding attach 
ment of an electric mixer. Layers of ground meat, approximately 1 inch thick, were 
dried before an electric fan at room temperature for 2 hours, then dehydrated in a 
vacuum oven for 3 hours at a temperature not exceeding 140° F. (60°C.), and extracted 
with ether in a Soxhlet apparatus of semicommercial size. 

The 5 lots of defatted, dehydrated beef were incorporated in the experimental diets 
in amounts that provided 1.6% of nitrogen in 5 rations and 2.0% in 5 others. Although 
10% of protein, i.e., approximately 1.6% of nitrogen, is frequently selected as the most 
suitable proportion for test purposes, Hoagland, Ellis, Hankins, and Snider (5) reported 
that a diet containing beef in this concentration was inadequate for the growing rat ip 
both of the sulfur-containing amino acids, and that a ration supplying 12.5% of protein 
was somewhat deficient in cystine. Therefore, it seemed advisable to determine whether 
differences in nutritive value related to the cooking processes could be deteeted when 
either 1.6 or 2.0% of nitrogen from beef was consumed. The diets also contained 20% 
Crisco, 24% Ruffex, 5% Richardson and Hogan salt mixture (71), 5% vitamin mixture, 
and dextrin to total 100%. 

The dry vitamins, which were dispersed with dextrin, were present in mg. per kg. 
of diet as follows: ascorbic acid, 100; biotin, 0.1; choline, 500; folacin, 0.6; inositol, 
1000; niacin, 50; para-aminobenzoic acid, 1000; pantothenic acid, 10; pyridoxine, 4; 
riboflavin, 6; and thiamine, 4. Each kg. of diet contained 75 mg. of alpha versus ¢-toco- 
pherol acetate. Preliminary tests indicated that gains in weight were equally satisfactory 
whether these vitamins were incorporated in the ration or offered as a separate supple- 
ment. In addition, Squibb Navitol with Viosterol supplied 1666 I.U. of vitamin A and 
333 I.U. of vitamin D orally per week. 

The diets were offered ad libitum for 28 days. During the last 7 days of the experi- 
ment, urinary and fecal collections were made. Urine was collected on acid-washed 
filter papers, one of which was transferred daily to a 20% solution of hydrochloric acid. 
The individual solutions then were removed by suction and made to an appropriate 
volume. Feces were freed from hair and dropped daily into a 20% solution of hydro- 
chlorie acid. Ferrie oxide was used as a marker. Food was withdrawn for 8 hours 
before the initiation and conclusion of the balance period and again before the rats 
were killed. The animals were sacrificed 24 hours after the balance period was termi- 
nated. Livers were weighed and covered with a 20% hydrochloric acid solution. Car- 
easses from which the intestinal contents had been removed were covered with concen- 
trated hydrochloric acid, 100 ml. of acid being used for rats weighing 150 g. or less, 
and 150 ml. for heavier rats. The flasks containing the carcasses were rotated at inter- 
vals for 7 days; then water was added to dilute the acid to approximately 20%. Livers, 
carcasses, and feces were autoclaved in loosely covered flasks. The solutions were 
poured through a sieve and diluted to suitable volumes. Nitrogen was determined by 
the macro-Kjeldahl method with mereurie oxide as the catalyst. 


RESULTS AND DISCUSSION 


Cooking time and cooking losses. Average cooking time and cooking 
losses for the top and bottom round steaks are given in Table 1. The average 
time, in minutes per pound, required to cook the braised steaks to an 
internal temperature of 176°F. (80°C.) was from 3.5 to 4.5 times longer 
than that required by steaks cooked to the same internal temperature in 
the pressure saucepan, and from 1.6 to 2.1 times longer than steaks cooked 
to 234°F. (112°C.). In general, bottom round steaks required more time 
per pound to cook than top round steaks. 

Total cooking losses of the steaks cooked to 176°F. (80°C.) by braising 
and cooking under 10 and 15p.s.i.g. pressure were practically the same. 
The losses of top round steaks cooked to 176°F. (80°C.) averaged 33.5%, 
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whereas those for bottom round steaks averaged 29.7%. Average cooking 
losses for top and bottom round steaks cooked under 15 p.s.i.g. pressure to 
234°F. (112°C.) were 40.9 and 40.5%, respectively. Cooking losses for 
the steaks cooked to 234°F. (112°C.) were significantly greater (P < .01) 
than those for the steaks cooked to 176°F. (80°C.). 


TABLE 1 


Average cooking time, cooking losses, palatability scores, shear values, and 
press fluid yields 





Treatment 





Cut Factor 10 psig. 15 p.s.i.g. 15 p.s.ig. 
Braised pressure pressure pressure 
to 176°F. | 176°F. | to 176°F. to 234°F. 





Top round | Cooking time, min./Ib. 19.2 5.3" 5.7" 9.1* 
steaks Cooking losses, % , 33.1 34.3 40.9** 
Aroma‘ ‘ 74 f 7.1 
Flavor‘ : 7.2 , 6.0** 
Tenderness‘ . 6.1 . 7.1* 
Shear, lb. 3 22.7 3.3 19.7* 
Juiciness‘ j 5.7 5. 2.9** 
Press fluid, ml./25 g. j 6.3 y 4.5** 


Bottom Cooking time, min./Ib. 6.3 ‘ 14.6 
round Cooking losses, % ef J 29. 40.5** 
steaks Aroma‘ ‘ J 4 6.9 

Flavor‘ : J r 5.7°* 

Tenderness ‘ . \ t 8.6** 

Shear, Ib. ; 9. 9. 14.8 

Juiciness*‘ J , 2.8°* 

Press fluid, ml./25 g. t R . 3.3°* 

1 Plus 6 minutes for pressure to reach 10 p.s.i.g. 


* Plus 7 minutes for pressure to reach 15 p.s.i.g. , 
* Plus 7 minutes for pressure to reach 15 p.s.i.g. and 10 minutes for it to return to 0 p.s.ig. 
* Highest possible score, 10 

* Significant at the 5% level. 

** Bignificant at the 1% level. 




















Palatability. Average palatability scores, shear values, and press fluid 
yields for the steaks are presented in Table 1. In general, the palatability 
of top and bottom round steaks was similar. However, bottom round steaks 
(biceps femoris muscle) were slightly more tender, as measured by tender- 
ness scores and shear values, than top round steaks (semimembranosus 
muscle), 

There was little difference in the palatability of the steaks cooked to 
an internal temperature of 176°F. (80°C.) by braising and those cooked 
under 10 or 15 p.s.i.g. pressure, but analyses of variance showed significant 
differences in the flavor, tenderness, and juiciness of these steaks and the 
same factors for the steaks cooked under 15p.s.i.g. pressure to 234°F. 
(112°C.). On the average, steaks cooked to 234°F. (112°C.) scored lower 
in aroma (0.3 to 0.6 points), flavor (1 to 1.5 points), and juiciness (2.1 to 
3.0 points), but higher in tenderness (0.8 to 2.3 points) than those cooked 
to 176°F. Shear values and press fluid yields agreed with the tenderness 
and juiciness scores. Thus, the internal temperature to which the meat was 
cooked, rather than method of cooking, was important in determining the 
palatability as well as the cooking losses of the steaks. 

Nutritive value. The data pertaining to average intakes and retentions 
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TABLE 2 
Average food intakes, gains in weight, and quantities of nitrogen retained by rats 








Treatment 





I a 10 psig 15 psig 15 p.s.i.e. 
sr aised pressure | pressure pressure 
to 176°F. | t 176°F. | to 176°F.| to 234°F. 





1.6% nitrogen in diet 





Food eaten daily for 28 da., g. 9.3 9. 9.7 9.5 
N eaten daily for 28 da., mg. 156 161 158 
Daily gain, g. 3.3 3. 3.5 3.3 
Gain/g. N eaten, g. 20.9 ; 21.6 21.0 
Body wt. in balance period, gm. 136 : 140 137 
Surface area, sq. em.’ 238 23 243 239 
N eaten in 7-day balance test, 
mg./100 sq. em. 498 500 518 520 
N in urine, mg./7 da./100 sq. em. 127 127 125 153 
N in feces, mg./7 da./100 sq. em. 75 74 80 81 
N balance, mg./7 da./100 sq. em. 296 297 313 286 
Wt. of fresh liver, g. 5.37 5.24 5.77 5.42 
Total N in liver, mg. 141 149 146 150 
Total N in careass, g. 3.89 3.83 3.97 3.92 


2% nitrogen in di 








Food eaten daily for 28 da., g. 10.9 11.7 11.6 11.8 
N eaten daily for 28 da., mg. 219 234 240 
Daily gain, g. 4.8 5.3 5.3 5.3 
Gain/g. N eaten, g. 21.7 22.5 22.3 
Body wt. in balance period, g. 168 181 180 
Surface area, sq em.’ 271 283 283 
N eaten in 7-day balance test, 
mg./100 sq. em. 704 686 718 
N in urine, mg./7 da./100 sq. em. 162 171 173 
N in feces, mg./7 da./100 sq. em. 79 97 98 
N balance, mg./7 da./100 sq. em. 442 417 447 
Wt. of fresh liver, g. 6.55 7.27 6.93 
Total N in liver, mg. 182 202 200 
Total N in carcass, g. . 5.04 5.49 5.41 
Calculated by Lee formula, Am. J. Physiol., 89, 24 (1922). 


* Significant at the 5% level. 
** Bignificant at the 1% ivvel. 




















of nitrogen by weanling rats fed 1.6 and 2.0% of nitrogen from each of the 
5 lots of beef are presented in Table 2. 

When 1.6% of nitrogen was incorporated in the rations, the average 
quantities of diet eaten daily by the rats fed the 5 experimental diets 
ranged from 9% to 10.3 ¢., but did not differ significantly as shown by 
analysis of variance. Average daily intakes of nitrogen during the 28-day 
interval also were strikingly similar, varying only from 156 to 161 mg. 
Neither the daily increments in weight, 3.2 to 3.6 ¢., nor the nitrogen effi- 
ciencies, 20.5 to 21.4, differed significantly. Homogeneity in respect to 
ritrogen balance was revealed by correlation analyses. Moreover, the 
weights of fresh livers and the amounts of nitrogen present in both livers 
and carcasses were similar in all groups. Since the responses of all 4 groups 
receiving 1.6% of nitrogen from cooked meat were similar to those obtained 
when uncooked beef was fed, it may be concluded that none of these methods 
of preparation caused a reduction in the nutritive properties of the proteins 
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which could be measured when a quantity of beef that permitted good but 
not optimum growth was fed. 

When the diets provided 2.04% of nitrogen, the rats in the various groups 
consumed slightly larger quantities of food than when 1.6% of nitrogen was 
allowed, i.e., 10.9 to 11.8 g., and ingested on the average 219 to 242 mg. of 
nitrogen daily. Again, no significant differences existed in respect to daily 
intakes of nitrogen, gains in weight, or nitrogen efficiencies. Growth was 
excellent, being from 4.8 to 5.3 g. per day. The gain per gram of nitrogen 
ingested from all sources equalled or exceeded that associated with 1.6% 
of nitrogen, the maximum value being 22.5¢g. No significant difference 
existed in respect to nitrogen balances of rats offered 2.0% of nitrogen 
from the 5 rations, when expressed on the basis of either actual values or 
per 100 sq. em. of body surface. Correlation analyses, however, indicated 
that the meat cooked to 234°F. (112.2°C.) was not homogeneous with the 
others in respect to certain relationships involving nitrogen balance. In 
contrast to the positive correlation characteristic of the other 4 groups, a 
negative correlation existed between nitrogen balance, urinary, and fecal 
nitrogen, and surface area. Although the quantity of urinary nitrogen 
excreted by the animals fed beef cooked to the highest internal temperature 
was greater (P < .01) than that excreted by other groups, fecal nitrogen 
was not increased significantly. Interestingly, the rats fed beef cooked to 
an internal temperature of 234°F. (112.2°C.) had significantly larger livers 
(P < .05) with higher concentrations of nitrogen (P < .01) than did the 
other rats. Average total quantities of nitrogen present in the entire car- 
casses, including the livers, of all groups fed 2.0% of nitrogen were similar. 

Examination by correlation analyses of the pooled data obtained from 
the rats fed 1.6 and 2.0% of nitrogen, respectively, indicated that when 
tests for homogeneity were made there was a small but definite advantage 
in including in the analysis the total quantity of nitrogen in the liver, but 
not the weight of the liver, after nitrogen balance, fecal nitrogen, and 
surface area were taken into account. 

The nutritional superiority of the diets containing 2.0% of nitrogen 
over those supplying 1.6% is indicated by the fact that the rats fed the 
higher percentage retained additional nitrogen. During the 28-day growth 
interval, an inerease of approximately 42% in dietary nitrogen was re- 
flected by increments of 36% in the average quantities of nitrogen present 
in livers and carcasses above those characteristic of rats fed 1.6% of nitro- 
gen. During the 7-day balance period, the average nitrogen intake per 
100 sq. em. of rats fed 2.0% nitrogen was 37.0% higher than that of the 
other animals, and the corresponding nitrogen balance 44.0% greater. 
Nevertheless, under the experimental conditions that were imposed, the 
diet supplying 1.6% of nitrogen from beef was as useful as that providing 
2.0% for comparing the nutritive values of beef cooked under various con- 
ditions, since no marked overall differences were revealed in either case. 

It may be concluded, therefore, that beef may be braised or cooked in 
a pressure saucepan to internal temperatures of either 176 or 234°F. with- 
out a significant decrease in the nutritive value of the proteins, as measured 
by growth or nitrogen balance in the growing rat. These findings agree 
with those of other workers (6, 7, 8) who used home cooking methods. 
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SUMMARY 

Paired top and bottom round steaks cut from 3 carcasses, graded U. 8. 
Commercial, were cooked by the following methods: (a) under 10 p.s.i.g. 
pressure to an internal temperature of 176°F. (80°C.), (b) under 15 ps.i.g. 
pressure to an internal temperature of 176°F. (80°C.), (ec) under 15 p.s.i.g. 
pressure to an internal temperature of 234°F. (112.2°C.), and (d) braised 
to an internal temperature of 176°F. (80°C.) in a rotary gas oven main- 
tained at 300°F. (148.9°C.). 

The internal temperature to which the meat was cooked, rather than 
the method of cooking, was important in determining the cooking losses 
and palatability of the steaks. Those cooked to 176°F. (80°C.) lost less 
weight during cooking, and were less tender, but more desirable in aroma, 
flavor, and juiciness than steaks cooked to 234°F. (112.2°C.). 

None of the cooking methods lowered the nutritive value of the meat 
when measured in terms of growth and nitrogen retention in the growing 
rat. Under the conditions of the experiment, a diet supplying 1.6% of 
nitrogen from beef was as useful as a diet providing 2.0% of nitrogen for 
comparing the nutritive value of beef prepared by different methods. 
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Apple wine is susceptible to oxidation and to the development of acetic 
acid. Pasteurizing or adding sulfur dioxide has been the general practice 
in stabilizing apple wine. Pasteurization is practical only when the wine 
is bottled and hermetically sealed. It sometimes causes a burnt taste in 
the apple wine. Addition of sulfur dioxide causes an undesirable pungent 
taste; moreover, the sulfur dioxide loses its effectiveness as a preservative 
when combined with other compounds. This article introduces another 
method for stabilizing apple wine; namely, the use of an enzyme prepara- 


tion. 


THE ENZYME SYSTEM 


The enzyme used in this experiment, a commercial preparation‘ consisting of glucose 
oxidase and catalase, catalyzes the oxidation of glucose to gluconic acid by utilizing 
both glucose and oxygen. It is supplied in two forms, liquid and powder. The powder, 
having 9 times the strength of the liquid product, was used in this experiment. 

Use of this enzyme preparation for removing glucose from egg white has been 
successfully demonstrated by other investigators (1). Although its optimum pH range 
has been reported by the manufacturer as 4.5 to 8.0, it has been shown that the enzyme 
will survive a lower pH and yet be effective (3). According to its manufacturer, the 
optimum temperature range of the enzyme preparation is 70 to 100°F. 


PRELIMINARY EXPERIMENT 


Since the apple wine under investigation had a pH of 3.6 and contained 12% of 
alcohol by volume, it was deemed necessary to conduct a preliminary experiment to 
determine the activity of the enzyme preparation under such circumstances. 

Other investigators (2) have determined that the formation of glueconic acid is 
equivalent quantitatively to the oxygen uptake required for the oxidation of glucose 
under the enzyme system, In other words, the production of gluconic acid is a quanti- 
tative indication of enzyme activity (4). Based on this finding, the activity of the 
enzyme at pH 3.6 and in the presence of 12% alcohol was determined. 

A solution containing 1% glucose and 12% ethyl aleohol was prepared. It was 
brought to pH 3.6 with malie acid (the acid present in apples). Ten ml. of the solution 
was titrated to phenolphthalein end-point with 0.01 N. sodium hydroxide, the amount 
of sodium hydroxide required to neutralize the malice acid. The additional sodium 
hydroxide used in the subsequent titrations was, then, due to the formation of giuconic 
acid. The additional quantity of 0.01 N. sodium hydroxide required to titrate the 
gluconie acid permitted the activity of the enzyme to be determined: the more sodium 
hydroxide used, the higher the enzyme activity. 


“Presented before the 14th Annual Meeting of the Institute of Food Technologists, 
Los Angeles, California, June 28, 1954. 

* Approved for publication by the Director of the Oregon Agricultural Experiment 
Station as Technical Paper No, 872. Contribution of the Department of Food Tech- 
nology. 

* DeeO, manufactured by the Takamine Laboratory. 
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One-tenth of 1% of the enzyme was added to the glucose-aleohol-malic acid solution. 
The glueconie acid production was determined at subsequent intervals. To determine 
the effect of enzyme concentration in the solution, 0.15% of the enzyme was also used 
and the results were compared. For control, a 1% glucose solution without aleohol and 
malic acid was used. This solution had a pH of 6.0, well within the optimum pH 
range of 4.5 to 8.0. One-tenth of 1% of the enzyme was added, and the gluconic acid 
production was determined as before. The experiment was conducted at room tem- 


perature. 


GLUCONIC ACID 
-O1N. NoOH/10 ML 
() 


ML. 








10 r-} 20 
TIME —— HRS. 
Figure 1. Activity of enzyme. 


The results of this preliminary experiment, shown in Figure 1, indicate (a) the 
enzyme is active at pH 3.6 and in the presence of 12% alcohol; (b) the enzyme is 
more active at pH 6.0, without aleohol; (¢) at pH 3.6 and in 12% aleohol, a concen- 
tration of 0.15% of the enzyme has higher activity than 0.10%. By this preliminary 
experiment it was reasonably ascertained that the enzyme will survive sufficiently to 
be effective in a medium such as apple wine. 


EXPERIMENTAL 


Apple wine was made in the usual manner (5) except that it was not pasteurized 
or otherwise stabilized with sulfur dioxide. At the end of fermentation the wine had 
a pH of 3.6, contained 12% alcohol by volume, and 1.2% glucose. After the fermenta- 
tion was completed, the wine was divided into 3 lots, one of which was treated with 
0.10% of the enzyme, one with 0.15%; the other, untreated, served as the control. The 
wines were kept in bottles, approximately 90% full. A sufficient number of bottles 
were filled to permit examination at subsequent intervals. All the experiments were 
eonducted at room temperature. Stability of the wines was measured by volatile acid 
development. 


RESULTS AND DISCUSSION 


The results are shown in Figure 2. The development of volatile acids 
was retarded by an enzyme content of 0.10%. At the end of 64 days, the 
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Figure 2. Volatile acid development. 


volatile acids were 0.126 g./100 ml., calculated as acetic acid. The initial 


volatile acid content was 0.084 g./100ml. The wine treated with 0.15% 
enzyme had only a volatile acid content of 0.096 g./100 ml. after 64 days. 
The untreated wine had a volatile acid content of 0.240¢./100ml. The 
small amount of gluconie acid formed as the end-product of the enzyme 
action was not volatile, and thus did not contribute to the volatile acid 
fraction. 

The flavor of the enzyme-treated wine was judged by a panel of five 
experienced fruit wine makers in the states of Oregon and Washington. 
Taste tests were conducted one month after the wine was treated with the 
enzyme, and again 4 months after. No objectionable flavors were detected 
by any of the tasters. The general reaction of the tasters was that it seemed 
hard to believe that the apple wine was not treated with SO,, and that it 
was not pasteurized. 

A slight discoloration (browning) was observed in the wine treated with 
the enzyme. This was probably due to the build-up of hydrogen peroxide 
as a result of partial inactivation of the catalase component at the low pH. 

The discoloration was quite noticeable at the beginning when the wines 
were fresh. As the wines aged, natural browning took place. The untreated 
wine became equally as brown as the wine treated with the enzyme. 

The color of the wines was compared both visually and with a Beckman 
Model DU spectrophotometer. The entire visible spectrum of the wines 
was observed 2 days after the addition of the enzyme, and again 2 months 


after. 
Figure 3, showing the spectrophotometric characteristics of the apple 
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Figure 3. Spectrophotometric characteristics (after two days). 








wines 2 days after the enzyme treatment, indicates a considerable difference 
between the color characteristics of the treated and the untreated wines. 
The per cent transmission of the enzyme-treated wine was especially low 
in the blue section of 400 to 475 my; this was due to the brown color in 
the wine. Visual examination likewise revealed the difference between 
the 2 wines. 

The color of the wine was examined again two months after treatment 
(Figure 4). After two months, natural browning of the wines took place. 
Both wines were browner, but the untreated wine had caught up with the 
treated. Although a slight difference in light transmission was still observed 
by the spectrophotometer, it was not noticeable to the naked eye. 

Had the wines been treated with SO,, a lighter color might have re- 
sulted, as the SO, has a bleaching effect. Pasteurized wine might also have 
a lighter color, as pasteurization destroys some enzyme that causes brown- 
ing. The slight browning caused by the glucose oxidase-catalase enzyme 
preparation was not considered objectionable by the panel. In fact, a good 
apple wine should not look too light in color. A little brown adds to the 
rich appearance of a wine. 


SUMMARY 
An enzyme preparation of glucose oxidase and catalase has been used 
to stabilize apple wine by the removal of oxygen and possibly by reducing 
the growth of acetic acid bacteria. The treated wine was unpasteurized and 
unsulfured with a pH of 3.6 and an alcohol concentration of 12% by vol- 





H. Y. YANG 


4 ‘ he rm 4 


450 500 550 600 650 
MU 


Figure 4. Spectrophotometric characteristics (after two months). 








ume. Stability was measured by the development of volatile acid. It was 
found that the development of volatile acids in the wine was retarded with 
an enzyme content of 0.10%; further development was stopped by a con- 
tent of 0.15%. No objectionable flavors were observed, and discoloration 
was so slight that it showed no appreciable difference from the natural 
browning of the untreated wine. 
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Although little is known about the real significance of pantothenic acid 
in the human economy, this substance is suspected to be essential for normal 
nutrition. It is a key-component of the main reaction involving cellular 
oxidation of food materials in the body, as demonstrated by Lipmann (6, 7), 
Korkes et al. (5), and others. Until recently no specific symptoms in man 
have been correlated with a deficiency of pantothenic acid, but in the last 
few years several investigators, Denny-Brown (3), Glusman (4), and Ver- 
non (10), have noted that the so-called ‘‘burning feet syndrome’’ responds 
with dramatic results to this vitamin. 

As a search of the literature revealed very little up-to-date information 
on the pantothenic acid content of tropical foods, the following investigation 
was undertaken to determine the distribution of this vitamin in the cereals, 
fruits, and vegetables, as well as in a few animal foodstuffs, either produced 
or consumed in Puerto Rico and neighboring islands, 


MATERIAL AND METHODS 

The large majority of the foods assayed were purchased at various local markets or 
from street vendors in the San Juan metropolitan area. A few fruits not available at 
the markets were obtained directly from the areas in the interior, where they were 
produced, The majority of the samples used were therefore representative of what 
average consumers buy. In most cases, at least 3 different samples of each material 
were assayed. In Table 1 the number of samples assayed as well as the maximum and 
minimum values obtained and the average pantothenic acid content for the material are 


recorded. 
The assay procedure was that of the Association of Vitamin Chemists (1). Samples 


were pretreated with chicken liver extract and ajkaline intestinal phosphatase for a 
more complete liberation of bound forms of pantothenic acid, as indicated by Neilands 
and Strong (&). Lactobacillus arabinosus obtained from the American Type Collection 
in Washington, D. C. was used as test organism. All the plant material has been tabu- 
lated with the scientific nomenclature accorded it by Britton and Wilson (2). The 
common English names used are those recorded by the last named authors or by Otero, 


Toro, and Otero (9). 


RESULTS 


Among the fruits found to be high in pantothenic acid the pulp of the 
avocado (Persea Persea Li.) was 1,090 pg./100 g., and the pulp and rind of 
the passionflower fruit (Passiflora laurifolia L.) were 1,550 and 1,867 pg.- 
/100 g., respectively. Among the legumes, the chick peas (Cicer arietinum 
L.) and the black beans ( Dolichos lablab L.) showed values of the order of 
1,251 and 1,232 py./100 g., respectively. Among the greens, the wild ripe 
peppers scored a pantothenic acid content well above that of any other 
member of this group (1,081 yg./100g.). Among the seeds assayed, the 
stinking weed seed (Ditremezra occidentalis L.) 2,655 »g./100 g., breadfruit 
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seed (Artocarpus communis Forst) 1,715 pg./100 g., and cashew nut (Ana- 
cardium occidentale L.) 1,488 pg./100 g. had the highest content. Food yeast 
(Torula utilis) had a pantothenic acid content of 9,002 pg./100 g., while 
brewers yeast had nearly twice as much. Among the few animal products 
assayed, the hen’s egg yolk was the highest, containing 3,121 »g./100 g. The 
egg white, on the other hand, was relatively low, containing only 287yg./- 


100 g. 


SUMMARY 


The pantothenic acid content of 123 different foodstuffs produced or 
consumed in Puerto Rico and neighboring islands has been determined by 
the microbiological assay method. 
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MacGillivray (2, 3) divided tomato fruits into regions, which he found 
to vary not only in total and soluble solids but in color as well. Puree from 
the outer and inner wall was of a redder hue than that from the locular 
jelly. He also‘found that the per cent of outer wall and locule pulp varied 
with variety and season. Younkin (7) also showed that puree from the 
outer wall had the best and that from the locular contents the poorest color. 
Ellis and Hamner (1) found that the carotene content was higher in the 
stem than the flower end of the tomato and therefore used a median (trans- 
verse) slice in sampling fruits. The exposed and shaded sides of a tomato 
have been shown to vary in carotenoids due to differences in temperature 
and illumination (5). 

When less than the whole fruit is sampled for carotenoid determinations, 
it is important to know just how these pigments are distributed in the fruit 
and the factors that affect their distribution. Also of interest is the relation 
of the color of the regions of the fruit to the carotenoid content. 


METHODS 


Except where otherwise noted samples consisted of 12-15 fruits selected for uni- 


formity. When a reddish tint was first apparent at the apical end of the fruit, it was 
considered to be at the turning stage. Fruits were divided into regions by removing 
the locular contents from sectors of a fruit and separating the outer and inner pericarp. 
Each fraction of the sample was weighed, blended for 2 minutes in a Waring blender 
and strained through doubled cheese cloth to remove the skins and seeds, Total car- 
otenoids and carotene were determined by a method previously deseribed (4). Color 
readings were made with a Hunter color difference meter and reeorded as a/b ratio. 


EXPERIMENTAL RESULTS 


Fruits of the Garden State, Stokesdale, and Rutgers varieties grown in the field 
and those of the Lloyd Forcing variety grown in the greenhouse were harvested at the 
turning stage and ripened for 12 days at 20°C. The fruits of each variety were 
separated into outer pericarp, inner pericarp, and locular contents and analyzed for 
total carotenoids and carotene, The data (Table 1) show a similar relationship between 
the carotenoids in all varieties. The outer pericarp was much higher in total carotenoids 
than the internal parts of the fruit. Loecular contents were similar to the inner pericarp 
in total carotenoids but 3 to 4 times as high in carotene, which resulted in a low total 
carotenoid-carotene ratio and undesired color. 

To determine the effect of ripening on the carotenoids in the various parts of the 
tomato the Stokesdale variety was grown as a spring crop in the greenhouse. Turning 
fruits were harvested at 4-day intervals and ripened at 20°C, Samples ripened respec- 
tively for 4, 8, 12, 16, and 20 days were separated into outer pericarp, inner pericarp, 
and locular contents and analyzed for total carotenoids, carotene, and color. The data 
(Table 2) show that except for the 4-day fruits total carotenoids were highest in the 
outer wall and the locular contents were highest in carotene. The a/b (color) readings 
increased with total carotenoids and decreased with carotene, The difference between 
external and interna! color persisted until the fruits were soft ripe. 

The effect of season on the relation of internal to external color of the fruit was 
investigated with the Early Baltimore variety grown at Des Plaines, Illinois. Turning 


ae 





J. P. MC COLLUM 
TABLE 1 
Carotenoids in the different regions of the fruit 








Carotenoids (mg./100 g.) 





Region of Per cent - 
of total 


fruit 


Total 


Carotene 1 


Ratio 





Garden State 





Outer pericarp 
Inner pericarp 
Locular contents 


42.9 
38.3 
18.8 


13,84 
8.12 
9.16 


0.53 
0,27 


1,02 


26 





Stokesdale 





Outer pericarp 
Inner pericarp 
Loeular contents 


53.9 
28.45 
17.3 


13.20 
7.20 


8.16 


0.43° 
0.38 
1.68 





Rutgers 





Outer pericarp 
Inner pericarp 
Locular contents 


47.0 
28.6 
24.4 


10.20 


0.50 
0.20 
1,02 





Lloyd Forcing 





Outer pericarp 
Inner pericarp 
Locular contents 


54.3 
25.3 


20.4 





e xe 
3.02 


3.12 








0.38 
0.30 
0,82 





and U. 8. No. 


September 9, 16, and 22, 


2 fruits (based on external color) 
Each sample was brought to Urbana and analyzed for total 


were 


harvested 


August 


30 and 


carotenoids on the day following harvest. The data (Table 3) show that total caroten- 


oids increased with successive harvests, indicating greater internal as compared with 
external color development as the season advanced. 

Ripe shaded fruits of Garden State, a canning variety, University of Illinois, 
Accession 1075 with 2 loculed fruits and Webb Special, high in carotenoids, were har- 


TABLE 2 


Carotenoids and color of the regions of the tomato’ at different stages of ripeness 








Region of 
ruit 


Number of days ripened 











Total carotenoids (mg./100 ¢.) 





Outer pericarp 
Inner pericarp 
Locular contents 


4.40 
2.96 
4.80 


7.84 
4.40 
4.16 


8.64 
4.40 
4.00 





Carotene (mg./100 g.) 





Outer pericarp 
Inner pericarp 
Locular contents 


.23 


22 


69 


9 
— 
12 


71 


18 
15 
60 





Total carotenoids/e 


arotene 





Outer pericarp 
Inner pericarp 
Locular contents 


34 
37 


6 


47 
30 
7 





Color (a/b) 





Outer pericarp 
Inner pericarp 
Locular contents 





2.44 


2.15 





1.56 














+ Variety —Stokesdale. 
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TABLE 3 
Effect of season on total carotenoids of turning and No. 2 fruits’ (mg., 100° g) awd 








Date of harvest 





Stage of ripeness - - oe 
August 30 | September 9 | September 16 | September 22 


Turning 2.04 2.7 3.00 4.20 
U.S. No. 2 4.46 5.40 6.56 9.20 








1 Variety: Early Baltimore. 


vested and separated into pericarp and locular contents. Each was weighed and 
analyzed for total carotenoids and carotene. The data (Table 4) show that Garden 
State and Webb Special were similar in per cent locular content but the latter was 
higher in both total carotenoids and carotene. Accession 1075 was about 3 times as 
high as the other varieties in per cent locular content, which was similar in carotenoids 
to that of Garden State. Although the carotene content of the pericarp of Accession 
1075 was lower than that of Garden State, the carotene content of the whole fruit was 
higher because of its high per cent of locular tisssue. 

The effect of exposure to light on the development of carotenoids in the apical and 
basal ends of the fruit was tested with Garden State and Illinois T 19. Three samples 
of ripe fruit with apical end, basal end, and cheek, respectively, exposed to sunlight 
were used. The fruits were quartered and the outer pericarp removed and cut into 
apical and basal halves. These were analyzed separately for total carotenoids and 
earotene. The data (Table 5) show that when the apical ends were exposed to sunlight 
total carotenoids and carotene in both ends were similar. When the basal ends or 
cheeks were exposed, the pericarp toward the apical end was higher in total carotenoids 
but lower in carotene. 

Since carotene is always associated with chlorophyll, a number of tests were made 
to determine if the higher carotene toward the basal end of green-shouldered fruits 
would also be found in those with the uniform color gene. Several samples of both 
types of fruit with central axes parallel to the ground were harvested. The outer pericarp 
from opposite sectors was divided into apieal and basal halves and analyzed separately 
for total carotenoids and carotene. The data (Table 6) show that in both types of 
fruits the apical pericarp was higher in total carotenoids. The basal ends were higher 
in carotene, but the difference in the fruits with the uniform color gene was smal! and 
not significant. 

The effect of ripeness on the carotene in the apical and basal pericarp was deter- 
mined with the Illinois T 19 variety. Two samples differing in degree of ripeness were 
selected and analyzed as in the above experiment. In the partially ripened sample 
(Table 7) the pericarp of the apical end was higher than that of the basal end of the 
fruit in total carotenoids; there was no difference in carotene, In the fully ripe fruits 
both ends had reached the same content of total carotenoids, but the basal end was 
highest in carotene. 


TABLE 4 
Carotenoids in relation to locular content 


Carotenoids (mg./100 ¢ 
Part of fruit er ce --+- 


Variety nee 
Total Carotene 
Pericarp . 10.28 0.41 
Garden State Locular content | f 7.72 0.97 
Fruit ave. | 9.93 0.48 
Bi. ee a. lp ara , - oan : 
| Pericarp 5 3.3 0.34 
Locular content | 106 y 1 








U. of I. 
"CORSE O75 . 
Accession 1075 | Fruit ave. 2! 0.62 
|Pericarp | 86.08 Bi () &4 
Webb special | Loe ular content 3.97 2 141 
| Fruit ave. 512 09 
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TABLE 5 
Caretenoid content of apical and basal pericarp of the tomato in relation to sunlight 








Garden State Itlineis T 19 
Exposure Part analyzed Carotenoids (mg./100 g.) Carotenoids (mg./100 g.) 





Total Carotene Total Carotene 





36 10.96 .960 
5s 10.08 .800 


Basal 7.76 f 


Apical Apical 7.92 p 





Basal Basal 5.28 680 5.76 .720 
_ Apical 9.00 AT2 9.04 512 





Cheek Basal 6.76 664 9.36 .752 
_— Apical 7.40 592 16.72 512 




















DISCUSSION 


Data in Tables 1 and 2 are in agreement with those of other investi- 
gators (4,7), showing that the best color is obtained from the outer pericarp 
and the poorest from the locular contents. The former was found to be 
highest in total carotenoids and the latter highest in carotene. The data 
indicate that chromaticity of tomato products depends upon both total 
carotenoids and the ratio of lycopene to carotene. Although the content of 
earotene in the whole tomato amounts to only 2 to 10% of the total ecaro- 
tenoids, it exerts a pronounced effect upon color. 

Differences between the external and internal color of the fruit persisted 
during ripening. They were less in the over-ripe fruits, as was observed by 
MacGillivray (3). His observations were made early in the season, when 
the development of internal color is retarded as indicated by the data in 
Table 3. They also indicate that if the apparent turning stage is used as 
a criterion for maturity, adjustments must be made during the harvesting 
season. 

Robinson et al. (6) showed a decrease in the ratio of juice to external 
fruit color toward the end of the season in apparent contradiction to the 
data in Table 3. However, their results were obtained with ripe fruit which 
often show external yellowing early in the season due to high temperatures 
and light intensities. These respectively decrease lycopene and increase 
carotene in the more exposed surface (5). 

Data in Table 4 show that varieties may vary in amount of locular 
material, which is disproportionately high in carotene. Best color should 


TABLE 6 


Carotenoids of the apical and basal pericarp of fruits with green shoulders and 
the uniform color gene 








Number of Total carotenoids (mg./100 ¢.) Carotene (mg./100 g.) 
ws Apical | Basal | Difference Apical | Basal | Difference 














Fruits with green shoulders 
| 1067 | 1197 | 130%] 845 | 577 | 268° 
Fruits with uniform color gene 
| 826 | 995 | 160° | 585 | 507 | 078 


** Significant at 1% level. 
* Bignificaat at 5% level. 
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TABLE 7 
Carotenoid content of the apical and basal pericarp of fruits’ exposed to 
light with central axes parallel to ground 


, , Tota! 
Part of pericarp carotencids carotene 
analyzed (mg./100 ¢.) (mg./100 ¢.) 





Stage of ripeness 





, Basal 5.20 
Partially ripened Apical 72 





Ri Basal 10.42 
pe Apical 10.42 














* Illinois T 19. 


therefore result from high total carotenoids and a low locular content, 
which reduces the amount of carotene. 

Because of its weight and point of attachment a tomato fruit is most 
likely to have its basal end most exposed to light, which has been found to 
increase carotene and at low temperatures, lycopene (5). Carotene is also 
higher in the basal end of ripe fruit because of its association with the 
green shoulders. Carotenoid development begins in the apical end, where 
carotene may be higher in the early ripening stage but not in fully colored 
fruits. 

When fruits are sampled for carotenoids or color, equal opposite sectors 
are recommended. This sampling compensates for unequal exposures to 
light and for polar and morphological differences. 


SUMMARY 


The outer pericarp was highest in total carotenoids and the locular 
contents highest in carotene. The two regions of the fruit resulted respec- 
tively in the best and poorest color. Polar variations in the carotenoids 
were found to be associated with illumination, ripeness, and green shoulders. 
The normal distribution of carotenoids in the tomato may be altered by 
exposure to light. Equal opposite sectors of the fruit are recommended 
in sampling for the carotenoids or color. 
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The fungistatic properties of sorbic acid, first reported by Gooding (5), 
have been verified by a number of investigators. Unfortunately, as already 
shown by Phillips and Mundt (12), Vaughn and his students (4, 17, 18), 
and Lindberg, Mason, and Cutechins (7), sorbie acid exerts a selective 
inhibition, being much more effective against all types of catalase-positive 
microorganisms tested than against the lactic acid bacteria and clostridia. 

Recently, sorbie acid has been recommended as an aid in prevention of 
molding of wrapped cheese (2, 3, 8, 9, 10, 11, 13, 14). It was thought this 
compound might also be useful in control of the microbial contamination 
of dehydrated vegetables. However, since sorbic acid media had already 
been suggested for isolation of the clostridia (7, 18), it seemed desirable 
to investigate in more detail the resistance of C. parabotulinum and C. 
botulinum types toward this fungistatiec compound. 


EXPERIMENTAL METHODS AND RESULTS 


Forty-two cultures were tested. These included 18 isolates of C. parabotulinum 
type A; 16 isolates of C. parabotulinum type B; 5 non-toxie strains of C. parabotulinum 
(6,16); and 1 culture of each of the three types (C, D, and E) of C. botulinum. The 
C. parabotulinum isolates were obtained from the collection of the National Canners’ 
Association. The C. botulinum cultures were from the collection of Dr. K. F. Meyer. 

The 3 basal media used in this study were beef liver infusion; 0.5% Bacto-tryptone 
broth; and 0.5% Bacto-tryptone, 0.1% Bacto-yeast extract broth. The liver infusion 
was prepared according to the method of the Committee on Bacteriological Technie (1) 
but without added phosphate. 

Both vegetative cell and spore suspensions of all cultures were tested for their 
resistance to sorbic acid. Predominately vegetative cell suspensions were prepared by 
growing the cultures in plain liver infusion up to about 72 hours, depending upon the 
activity of the individual isolates. An inoculum always consisted of 0.2 ml. of plain 
liver infusion culture, 

Spore suspensions were prepared by growing the cultures of the different C. para- 
botulinum types in liver infusion plus 0.1% soluble starch and the C. botulinum strains 
in liver infusion containing 0.5 to 1.0 g. of sterile soil until microscopic examination 
showed a maximum crop of spores had developed. One ml, of the sporulated culture 
was then added to 9.0 ml. of sterile distilled water, mixed, and heated: the C. para- 
botulinum strains at 100°C. (212°F.) for 10 minutes; and the C. botulinum isolates at 


"Presented at the Fourteenth Annual Meeting of IFT, Los Angeles, California, 
June 29, 1954, 

"This paper reports research undertaken in cooperation with the Quartermaster 
Food and Container Institute for the Armed Forces and has been assigned number 498 
in the series of papers approved for publication. The views or conclusions contained 
in this report are those of the authors. They are not to be construed as necessarily 
reflecting the views or indorsement of the Department of Defense. 
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80°C. (176°F.) for 5 minutes. An inoculum always consisted of 1.0 ml. of the diluted, 


heated culture. 
The pH values were obtained with the glass electrode. All necessary adjustments 


were made with N NaOH and NW HCl. 

The sorbic acid used in these investigations was purchased from Eastman Kodak 
Company. An additional sample, donated by Carbide and Carbon Chemicals Co., was 
also tested for control purposes. 

The effect of concentration of sorbic acid. In 1951 Vaughn and Emard (17) reported 
that clostridia could grow in the presence of 0.12% sorbie acid contained in liver 
infusion. The 10 cultures they investigated represented but three saccharolytic types 
of the C. butyricum complex. More recently York and Vaughn (1/8) have shown that 
the ability to grow in the presence of sorbic acid in a suitable medium is widespread 
among the different species of Clostridium, It was desirable to test the resistance of a 
significant number of isolates of C. parabotulinum and C. botulinum to sorbie acid. 

Concentrations of 0.12, 0.5, 1.0, 2.0, 2.5, 3.0, 3.5, and 4.0% sorbie acid were added 
Each portion then was adjusted so that the pH 
Inoculations were made with both vegetative 


= 


7 days at 


to plain liver infusion (no K,HPO,). 
value after sterilization was 6.7 to 6.8. 
cell and spore suspensions. The test media and controls were incubated for 
35°C, (95°F.). Development of turbidity and gas were used as eriteria for growth. 

Considerable difference in resistance to sorbic acid was observed between the isolates 
of C. parabotulinum and C. botulinum. At the higher levels of sorbic acid, the tolerance 
of the C. parabotulinum types was notable. There was only slightly more tolerance 
when vegetative cells were used as the inoculum as shown in Table 1. Regardless of 
the type of inoculum, all of the cultures grew in the presence of 0.5% sorbie acid. 

The effect of pH on germination of spores in the presence of 0.12% sorbic acid. 
Emard and Vaughn (4) showed that pH values in the range of 5.0 to 5.5 improved 
the selectivity of the 0.12% sorbie acid medium for growth of lactic acid bacteria 
and suppression of catalase positive microorganisms. The species of Clostridium are 


known to grow better at higher pH values. Therefore, it was desirable to test the effect 


of pH in germination of the spores of the various botulism cultures. 

The effect of pH on germination and growth of spores in the presence of 0.12% 
sorbic acid was determined by comparison with germination and growth of an aliquot 
of the same spore suspension in plain liver infusion adjusted to the same pH value. 

The limiting pH in the acid range for the different isolates of the 2 species was 
not appreciably influenced by the presence of 0.12% sorbie acid. Although the ability 
to germinate and grow in 7 days at 35°C, (95°F.) was decreased markedly as the pH 
of the medium was reduced from 5.8 to 5.0, a number of isolates of C. parabotulinum 
grew at pH values of 5.0, 4.9, and 4.8, respectively, both in the presence and absence 
of sorbie acid (Table 2). 

Development of toxin by C. parabotulinum types A and B in the presence of sorbic 
acid, The liver infusion and peptone broths containing 0.12 and 1.0% sorbic acid, 
respectively, were inoculated with 0.2 ml. of washed, detoxified (heated at 100°C., 
[212°F.] for 10 minutes) spore suspensions of C. parabotulinum type A and type B. 
All cultures as well as the uninoculated controls were inoculated at 35°C. (95°F.) 


for 9 days. 

Cell-free filtrates for injection were obtained by passing the cultures through 
Seitz centrifuge filters of pad porosity 8-1. Aliquots of the filtrates were heated at 
100°C, (212°F.) for 10 minutes to serve as detoxified controls, The bivalent botulinum 
(types A and B) antitoxin was prepared by the Jensen-Salsbery Laboratories, Kansas 
City, Missouri. The antitoxin was administered in 0.4-ml. amounts 30 minutes prior 
to injection of the unheated filtrate. Young male white mice (Webster strain) were 
used as the test animals. All injections were made by the intraperitoneal route. All 
filtrates were injected in 0.2-ml. amounts. The unprotected animals were observed 
continuously until death. 

The results obtained indicated that the presence of 0.12 and 1.0% sorbic acid had 
no observed effect on the production of lethal toxin by the test cultures of C. para- 
botulinum type A or B. Typical neurotoxic symptoms were observed in the unprotected 
mice while the survivors exhibited no symptoms and were alive and healthy after 30 
days. A higher level of toxin was produced in the basal peptone medium containing 
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sorbic acid than in the sorbie-free medium as evidenced by the time interval between 
injection and death; i.e., 180 minutes for sorbic-free controls as compared with 60 
minutes for cultures grown in the presence of 0.12% sorbie acid. No adverse effects 
were observed in the test mice after intraperitoneal injection of 0.5 ml. of uninoculated 
media containing 0.12 and 1.0% sorbie acid, 

Utilization of sorbic acid. In a previous paper (78) it was shown that a few isolates 
of C. parabotulinum, types A and B, utilized sorbie acid. The additional isolates of 
these 2 types tested during this investigation also utilized nearly all of the sorbie acid 
contained in the basal tryptone-yeast extract broth. Sorbie acid was determined by the 
spectrophotometric method of Melnick and Luckmann (8) after 7 days inoculation at 
35°C. (95° F.). The apparent utilization (as measured by the disappearance of sorbic 
acid from the medium) by C. parabotulinum, type A, ranged from 86.4 to 100% with an 
average of $5.5% for 8 cultures. The apparent utilization of sorbie acid by type B 
cultures ranged from 86.6 to 100% with an average of 93.7% for 8 cultures, The one 
non-toxic strain of C. parabotulinum tested apparently utilized 62.2% of the sorbie acid 
present. ©. botulinum, types C, D, and E (one culture of each type) did not utilize sig 
nificant quantities of sorbie acid, 

Uninoculated controls showed no loss of sorbic acid on incubation. Cultures grown 
in the absence of sorbic acid exhibited no absorption, 


DISCUSSION 


The first requirement should be that a food preservative considered 
to be relatively harmless as an animal or human dietary component provide 
adequate protection against the growth of food poisoning® bacteria. Because 
sorbic acid has been suggested for use with natural and processed cheeses 
having nearly neutral pli values and because it has received approval as 
a harmless dietary component (/5), the question of its effect on food pois- 
oning organisms becomes most pertinent. 

From the available data, reported here and elsewhere (4, 7, 17, 18), it 
can only be coneluded that sorbie acid is not a particularly effective 
inhibitor of food poisoning bacteria grown in a suitable medium. The im 
vitro resistance of C. parabotulinum and C. botulinum types to sorbic acid 
is obvious from the results recorded herein. Other food poisoning bacteria 
also exhibit resistance to sorbic acid. Cultures of Streptococcus faecalis 

a-type hemolytic streptococci 1 grow in the presence of 0.12% sorbic acid 

in liver infusion (4). Isolates of Micrococcus pyogenes var. aureus (Sta 
phylococeus aureus) also are considerably more resistant to sorbic acid 
than other catalase positive microorganisms including species of Salmonella 
(4). The staphylococci grow in 0.1% sorbic acid liver infusion medium 
when the pH value is in the proximity of 6.0 or above (4). In contrast the 
species of Salmonella have been inhibited under all conditions studied 
until now. It should be clear that sorbic acid is more efficient under acid 
conditions (pH 4.5 and below). This is particularly true if the maximum 
concentration allowable shall be only 0.10% (15). Otherwise, a very care 
ful evaluation is required to determine the effects of such factors as mois 
ture, concentration of soluble solids (salt, sugar, and organic acids), tem 
perature, biological antagonisms, et cetera, on its efficiency in protecting 
each specific food product against food poisoning bacteria. 


“Used in the broad sense to inelude both food intoxieations and food-borne infee 
tions caused by microorganisms. 
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SUMMARY 


Recent interest in sorbic acid as a fungistatic agent prompted a study 
of its effect on the botulism organisms C. parabotulinum, types A and B, 
and (. botulinum, types C, D, and E. All of the isolates (18 type A, 16 
type B, and 1 each of C, D, and E) grew in the presence of 0.12% sorbic 
acid in liver infusion without added phosphate (pH 5.6). The different 
cultures of C. parabotulinum all grew well and sporulated in the presence 
of 3.0% sorbic acid in liver infusion at pH 6.7 when vegetative cell inocula 
were used. Spores of all of the C. parabotulinum isolates germinated in the 
presence of 2.0% sorbic acid in liver infusion at pH 6.7. Growth of the 
different cultures in the acid range was not appreciably affected by the 
presence of 0.12% sorbic acid in liver infusion. 

Filtrates toxic for mice were obtained when cultures of C. parabotu- 
linum, types A and B, were grown in media with either 0.12 or 1.0% sorbic 
acid, Conventional use of botulinum antitoxin and heated filtrate controls 
indicated that botulinum toxin was produeed, 

Sorbie acid in concentrations of 0.12 or 1.0% in a suitable basal medium 
was utilized by all C. parabotulinum cultures tested. 
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The metabolism of sorbitol has been investigated over a period of many 
years. The sustained interest in this sugar alcohol may be due to the fact 
that it has been abundantly used in foods and in medicine, and as a close 
relative of the hexoses, it can throw light on the metabolism of the sugars. 
Since the ingestion of sorbitol has apparently little effect on the blood 
sugar (3), it has been recommended by various investigators from time to 
time as a substitute for sugar in the diabetic diet. However, no information 
is available regarding the exact insulin requirements of sorbitol. Conse- 
quently, we have investigated the metabolism of sorbitol in alloxan-diabetic 
rats in an attempt to evaluate the role of insulin in its oxidation. It was 
also desirable to include fructose in these studies since it has been suggested 
that fructose is a primary oxidation product of sorbitol (7, 4, 9, 10). Glu- 
cose was also included for comparison purposes. In all of these studies oral 
feeding was resorted to, since it has been shown that neither sorbitol nor 
fructose can be oxidized by the muscle tissues in the absence of the liver 
and kidneys (14, 15). In oral feeding practically all of the fed material 


must pass first through the liver before it is put into the general circula- 
tion, in contrast to parenteral injection in which a large fraction of the 
material is subjected largely to the excretory action of the kidneys before 
it is made available to the liver. 


METHODS 


The glucose and fructose used in these studies were uniformly labeled with C™ 
and made by biosynthesis (13), The sorbitol was prepared by the reduction of the 
labeled glucose (11). All radioactive determinations were carried out on a BaCOs ob- 
tained directly or by combustion or by direct count of the material, using a gas flow 
counter (12). R 

Treatment of animals. Male albino rats weighing approximately 200 g. were made 
diabetic by the injection of alloxan monohydrate. Only those rats that exereted 15 to 
25 g. of glucose per day over a 4-week period when fed a high earbohydrate diet were 
used, Two diets were employed in these studies, which are referred to as sucrose and 
fructose diets. Their compositions are as follows: (a) sucrose 68%, casein 15%, yeast 
5%, salt mixture 4%, cod liver oil 5%, and Criseo 6%; and (b) sucrose was replaced 
by fructose with all other constituents the same. These diets were offered ad libitum 
during and at least 7 days before the feeding of the radioactive test substances which 
were administered orally at the dosage level of 1 g./kilo. Although 26 experiments 
were carried out, only 7 diabetic rats were used, Since the same rats were used from 
time to time, the fructose and sorbitol experiments were interspersed between the 
glucose runs. A minimum of 4 days was maintained between experiments so that there 


* Presented at the Symposium on Special Purpose Foods at the 14th annual meeting 
of the Institute of Food Technologists, Los Angeles, June 28, 1954. 

"This investigation was supported in part by a research grant from the division of 
Research Grants and Fellowships of the National Institutes of Health, U. 8. Public 
Health Service. 
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was no cross-contamination between the radioactive substances. In order to facilitate 


the collection of the expired air and urine, metabolism cages were employed, 


RESULTS AND DISCUSSION 


The rate of oxidation of sorbitol, fructose, and glucose as judged by the appearance 
of the administered C™ in the expired air is shown graphically in Figures 1 and 2 for 
the sucrose and fructose diets respectively. For comparison purposes, Figure 3 presents 
comparable oxidation data, taken from a previous publication (11), for sorbitol and 


glucose in normal animals. 
In Table 1 are the total recovery of the C™ in the CO, and urine for the diabetic 


animal experiments. 

Although the data in Table 1 present, with respect to urine, only the total recov- 
ery of radioactivity, it should be pointed out that at least 90% of the C’ was found 
to be incorporated in glucose. This was proved in particular for the sorbitol fed 
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Figure 1. The recovery of C“ in the expired air after oral administration of C” 
labeled sorbitol, fructose, and glucose to alloxan-diabetic rats maintained on a sucrose 
diet. 
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Figure 2. The recovery of C’ in the expired air after oral administration of C* 
labeled sorbitol, fructose, and glucose to alloxan-diabetic rats maintained on a fructose 


diet. 
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Figure 3. The recovery of C“ in the expired air after oral (ST) and intraperitoneal 
(IP) administration of radioactive sorbitol and glucose te normal rats. Data taken from 
previous publication (17). 


animals where the urinary glucose was isolated as the phenylosazone. Repeated ecrystal- 
lizations of the osazone showed that practically all of the C™“ of the urine was in the 
glucose molecules. Less than 5% of the carbohydrates excreted by the animals receiving 
the fructose diet was fructose. A more accurate index of fructose exeretion could not 
be obtained since glucose at a high concentration gives a positive fructose test by the 
colorimetric method of Roe (7). 

When the diabetic animals were placed on the suerose diet, approximately 50% 
of the administered sorbitol and fructose was recovered in the expired CO. over a 
12-hour period, whereas for glucose 26% of the ingested C“ was oxidized. With respect 
to sorbitol, it is seen that its total oxidation in diabetic animals approaches the values 
obtained in normal animals (Figure 3) over the same time period. After the animals 
have been on a fructose diet for a minimum of 7 days, their ability to oxidize fructose is 
no better than for glucose. The oxidation of sorbitol is not similarly affected by the 
fructose diet, It is apparent that the animal becomes less efficient in handling ingested 
fructose after being for some time on a fructose diet, This is in accord with numerous 
earlier studies with human subjects (5) and recent dietary studies using rats (8). It 
is not clear as to why sorbitol is not affected by the fructose diet, since some workers 
have suggested that fructose may be an intermediate in the oxidation of sorbitol. It 
seems that sorbitol is either not oxidized to any significant extent by way of fructose 


TABLE 1 


Data showing the recovery of C’ twelve hours after the oral administration of sorbitol, 
fructose, and glucose to alloxan-diabetic rats 








Yo © recovery 





Substance administered Diet 
Expired OO, Urine Total 





Glucose (Ay, 8 exps.) Sucrose 26 71 97 
Glucose (Ay. 4 exps,) Fructose 25 66 91 


Sorbitol (Avy, 2 exps.) Sucrose 5 28 79 
Sorbitol (Avy. 4 exps.) Fructose 54 85 


Fructose (Ay. 2 exps.) Sucrose 51 98 
Fructose (Av. 6 exps.) Fructose : 71 98 
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or, perhaps, the slow rate of intestinal absorption, which is characteristic of sorbitol, 
results in a slow and gradual formation of intermediates, which are oxidized more 
efficiently. However, in view of Blakley’s (2) recent isolation from the rat liver of the 
enzyme dehydrogenase which converts sorbitol to fructose, it would appear very likely 
that sorbitol can be converted to fructose by the intact animal. 

Evaluation of the alternate pathways of oxidation. A striking feature of these 
results is that the oxidation of sorbitol and fructose is so much greater than that of 
glucose when animals are on the sucrose diet. This indicates that at least two distinet 
pathways exist for the oxidation of sorbitol and fructose; these are (a) the oxidation 
after conversion to glucose and (b) the direct or alternative route (or routes) which 
does not involve conversion to glucose. The relative participation of these two pathways 
in these diabetic animals may be calculated for both fructose and sorbitol. The follow- 
ing is the calculation for the animals on the sucrose diet and administered fructose, 
If X = amount of fructose oxidized as glucose, then the amount of fructose changed to 
glucose = X +51, since 51% of the fed fructose carbon was recovered in the urine as 
glucose carbons. Since 26% of the fed glucose carbons are oxidized, x ar .26 or 
X= 18%. The total amount of fructose converted to glucose is 51+ 18 or 69%, Thus, 
31% of the fed fructose appears to have been oxidized after oral feeding by a pathway 
other than conversion to glucose. A similar caleulation for sorbitol gives a value of 
40% by routes other than through glucose. 

It is obvious that insulin is required to handle efficiently the glucose formed from 
either sorbitol or fructose. The position of insulin in the alternative pathway (or path- 
ways) is not certain and must wait further investigation. These results suggest that 
in the diabetic individual the feeding of sorbitol or fructose would increase the insulin 
requirement, but not to the same degree as would equivalent amounts of glucose, For 
an excellent review of the recent work on the alternate pathways for fructose, the 
reader is referred to the recent review by Racker (6). 


SUMMARY 


The oxidation of sorbitol, fructose, and glucose has been examined in 
alloxan-diabetic rats. When the animals are placed on a 68% sucrose dict, 
approximately 50% of the administered sorbitol and fructose carbon is 
recovered in the expired air, whereas for glucose 26% is recovered. When 
the animals are maintained on a 68% fructose diet, fructose is no better 
oxidized than glucose, but the oxidation of sorbitol is not reduced. These 
results have been used to support the view that at least two pathways exist 
for the oxidation of sorbitol or fructose. An evaluation of the relative par 


ticipation of sorbitol and fructose by these pathways is discussed. 
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FACTORS ASSOCIATED WITH POTATO TEXTURE. 
I. SPECIFIC GRAVITY AND STARCH CONTENT® 


FREDERICK A. BETTELHEIM anp CLARENCE STERLING 


Department of Food Technology, University of California, Davis, California 
(Manuscript received July 27, 1954) 


Among the various problems of potato technology, the texture of the 
cooked product has been accorded a considerable proportion of research 
effort. It is well-recognized that some varieties, after cooking, are glistening 
in appearance and feel more or less dry and granular on the tongue. These 
are characterized as mealy. On the other hand, other varieties have a 
translucent appearance when cooked and feel wet and pasty on the tongue. 
These are characterized as soggy or wary. 

There is often a considerable variation in texture within a given variety. 
In fact, striking individual differences have been observed among potatoes 
taken from the same hill (9, 26); and different parts of a single potato will 
even vary in mealiness or sogginess (30). Texture or so-called ‘‘ cooking 
quality’’ has been shown in numerous investigations to be influenced by 
fertilizers (3, 23), by maturity, by growing conditions generally (such as 
seasonal climate, region of growth, and physical condition of the soil), and 
by handling and storage conditions, ete. (8, 9, 10, 29). Interest in the effect 
of these various growing and handling conditions, however, points up the 
fact that an understanding of textural differences must be based upon 
statistically established correlations between the chemical composition of 
a given sample and organoleptic and other aspects of texture. Thus, it has 
been found that a relatively high correlation exists between the degree of 
mealiness and the starch content of the raw tuber and between the degree 
of mealiness and specific gravity” (5, 11, 12, 20, 25, 26, 31). Bewell (2) 
has even stated categorically that potatoes with less than 20% dry material 
will be of poor quality (7.¢., soggy) and those with more than 26% dry 
material will always be mealy. 

Gilmore (8) and East (7) in attempting to explain the role of starch 
interpret mealiness as attendant upon the swelling and bursting of cells 
by the gelatinized starch within them. According to Whittenberger (29) 
and Whittenberger and Nutting (30), textural variations are due to differ 
ences in internal pressure developed within cells by the swelling starch 
during cooking and to differences in the capacity of the individual cells to 
resist that pressure. 

The regression coefficient of the starch-texture relationship has been 
found to be of the order of 0.3-0.6. This suggests that the relative amount of 
starch is not the sole factor in explaining texture and that an amplification 
of the concept is needed. Whittenberger (29) maintains that the relative 
amount of starch in individual cells has a greater influence on texture than 


* Presented at the Fourteenth Annual Meeting of IFT, Los Angeles, California, July 
1, 1954. 

* Specific gravity is a good index of starch content and has been useful as a non 
quality.’’ 
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does its concentration in the whole tissue. Briant ef al. (4) found a corre 
lation to exist between the size of the starch grains and texture — finding, 
specifically, that increased sogginess is associated wtih starch grain diame 
ters below 0.02 mm. They also noted some general relationships between 
texture and the physical characteristics of the starch. However, no chemi- 
cal analyses were made in their studies. 

The present series of investigations has been undertaken to characterize 
more fully various aspects of potato texture. This first paper considers 
the relationship of specific gravity and starch content to texture. Emphasis 
is placed on the characteristics of potato starch in a wide range of varieties 
and on the effects of a standard processing method on starch in relatively 
homogeneous samples. Succeeding papers will deal with pectic materials, 
various physical measurements, and microseopic studies. 


MATERIALS AND METHODS 


Materials. Jor initial material selection, 15 potato varieties were obtained from 
different growing areas in the United States. In preliminary taste tests, 10 varieties 
were finally selected, representing 5 definitely mealy and 5 definitely soggy varieties, The 
varieties used were: Cobbler and Triumph (North Dakota Agricultural Experiment 
Station, Fargo, N. D.); Bliss Triumph and Russet Burbank (Idaho Agricultural Experi 
ment Station, Aberdeen, Idaho); White Rose (University of California Agricultural 
ixtension Service in Bakersfield, California); Chippewa and Kennebee (Maine Agri 
cultural Experiment Station, Aroostook Farm, Presque Isle, Maine); Russet Burbank 
and Green Mountain (Utah Agricultural Experiment Station, Logan, Utah); and Red 
Pontiae (Wisconsin Agricultural Experiment Station, Spooner, Wisconsin). 

Each variety was represented by a sample of 50 to 100 pounds. All samples arrived 
within a one-month period and were stored immediately at 45°F. Taste tests and physi- 
eal and chemical experiments were carried out in a 1%-month period following receipt 
of samples. 

Sampling and preparation. From the central region of each tuber, 4 longitudinal 
rectangular prisms (each lem. * lem. in cross section) were cut. This method served 
two purposes: it tended to mitigate the topographical variation in starch content and 
insured a uniform eooking time and uniform rate of heat penetration in each variety. 

For taste tests, as well as for physical and chemical tests of cooked potatoes, the 
prismatic strips of potato were boiled for 10 minutes in distilled water. The ratio of 
water to potato was 2:1. Boiling was chosen over baking, because in preliminary tests 
panel members could distinguish textural differences more readily in the boiled samples. 

Organoleptic tests. Kight persons were chosen as members of the taste panel after 
a training period of 2 weeks. In serving, a balaneed, incomplete block design was used 
with randomized sample sets [Cochran and Cox (6), Plan 11.15]. At each tasting ses- 
sion, 3 samples were served, The members of the panel were asked to rank the 3 samples 
for degree of mealiness in an ordinal arrangement of 1 to 3 (mealiest sample = 3, sog- 
giest sample = 1). The criteria used for mealiness and sogginess were as described by 
Sweetman (26). Each variety was tasted by the panel 9 times, giving a total of 72 
judgments per variety, and each variety was served with every other variety in 2 
combinations, The samples were served warm, without the addition of table salt or 
other seasoning. 

Specific gravity. One hundred tubers of each variety were weighed in air and in 
water. From these measurements, the specific gravity was caleulated by the usual pro- 
cedure, It is necessary to point out that specific gravity values were determined for 
whole tubers, while only the central regions were presented to taste panels and analyzed 
in the other tests. The main purpose of the specifie gravity measurements was to check 
the practieality of this method of predicting potato texture. However, the rest of the 
tests were devised to yield information on the mechanism of textural behavior. 

Dry weight. Strips from the central portions of 25 tubers of each variety, both raw 
and cooked, respectively, were weighed, transferred with a known amount of distilled 
water into a Waring blender, and blended for 5 minutes. One hundred g. of the slurry, 
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which contained about 10 g. of potatoes, were transferred into weighed aluminum dishes 
and dried first on a steam bath and then in a vacuum oven at 70°C, for 48 hours, (The 
rest of the slurry was used for the analysis of starch and sugars.) After drying, the 
aluminum dishes were put into a desiccator for 24 hours and subsequently weighed. The 
percentage of dry weight was caleulated on the basis of the original raw, or cooked, 
potato slices. 

Total starch. Part of the slurry, which was used in the determination of the dry 
weight, was analyzed for starch. This slurry aliquot was extracted 4 times with 80% 
ethanol. Determination of total starch was carried out by the anthrone method deseribed 
by MeCready et.al. (15). The starch content was calculated on a fresh weight basis. 

Amylose and amylopectin. Amylose and amylopectin content was estimated colori 
metrically with iodine according to the method of MeCready et al. (15). Pure amylose 
and amylopectin were prepared from Russet Burbank (Idaho) potatoes according to the 
method given by Schoch (22). The standard curve obtained by mixing these 2 eom 
ponents in different ratios, with a total concentration of 0.001%, was somewhat different 
from that obtained by MeCready and Hassid (76). Although the values for pure amylose 
were about the same in both curves, in the eurve of MeCready and Hassid pure amylo 
pectin had a color intensity of 50 while the figure for pure amylopectin here was 25 
Klett units. These differences may be due to different methods of preparation. The 
lower value here indicates that this amylopectin preparation was somwhat purer than 
that of MeCready and Hassid. 

For the estimation of amylose and amylopectin in potatoes, the same sugar-free 
starch preparation was used as in the determination of total starch. This was diluted 
to a concentration of 0.001%, and the procedures of MeCready et al. (15) were followed. 


Sugars. Sugars were determined in the combined ethanolic extracts used to remove 
the sugars from the samples of the total starch determination. 
rated from these extracts, and HC] was added to bring the solution to a 0.1 N strength. 
This solution was boiled for 10 minutes to hydrolyze the sugars to monosaccharides 
A volumetric modification of Fehling’s method was used (13). Although the hydrolyzed 
sugars were not identified chromatographically, the resulta were reported as glucose on 


The ethanol was evapo 


the basis of a standard curve. 
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Figure 1. Activities of (A) alpha-amylase, (B) beta amylase, and (C) equal weights 
of alpha-amylase and beta-amylase. The total enzyme concentration for each was 
0.05 g. enzyme preparation per 100 ml. solution. The substrate consisted of 1.3% gelatin- 
ized starch of Russet Burbank (Idaho) potato at pH 5.7. The reactions were carried out 
at 25°C. 
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Starch hydrolysates by preparations of amylase. Pure alpha-amylase and beta 
amylase® were obtained, and the course of the reactions catalyzed by these enzyme 
preparations were measured (Figure 1). After 360 minutes, in experiments with alpha- 
amylase and with alpha- and beta-amylase, no alcohol-precipitable starch was left. In 
the experiment with beta-amylase, 0.8% non-hydrolyzed dextrins remained from a sub- 
strate of 1.3% gelatinized potato starch. 

Hydrolysates by beta-amylase and by alpha + beta-amylase were analyzed in aliquots 
of the same slurry used for the dry weight and starch analyses. The aliquots were 
subjected to autoclaving at 120°C. for one hour to achieve complete gelatinization. 
Before autoclaving, the samples were diluted te an approximate concentration of 1% 
starch. The autoclaved samples were cooled, and enzyme solutions were added to achieve 
a final concentration of 0.05% of the enzyme preparations. Time of enzymic hydrolysis 
was 12 hours. At the end of the hydrolysis, aliquot samples were taken for sugar analysis 
in the manner deseribed in the preceding section, except that no acid hydrolysis was 
applied to convert the sugars to monosaccharides. A standard curve for maltose - H,O 
was determined. The percentage of starch hydrolyzed enzymatically was reported as 
0.9 X maltose: H,O percentage minus the starch equivalent of free sugars (0.9 * free 
sugars reported as glucose), This subtraction was necessary because the substrate of 
the enzymatic hydrolysis also contained free sugars. 


EXPERIMENTAL RESULTS 


Organoleptic scores. The total ranking value of each variety has been taken as its 
score. Since each variety was tasted 9 times by 8 members of the panel, the highest 


* From the Nutritional Biochemical Corporation, Cleveland, Ohio. 


TABLE 1 
Organoleptic score, specific gravity, and dry weight in raw and cooked potatoes 








Organo- ' Dry 
Variety leptic Specific weight 
score gravity lo 





Russet Burbank 1.0968 24.36 
(Utah) € 194 21.36 


Russet Burbank 1.0871 21.44 
(Idaho) y 183 20.62 
Kennebec 1.0964 23.23 
(Maine) 169 20.63 
1.0958 20.91 











Green Mountain 
(Utah) 





Cobbler 1.0835 


(N. Dakota) 





Triumph 1.0784 


(CN, Dakota) 





Bliss Triumph 1.0747 


(Idaho) 





White Rose 1.0680 
(California) 





Red Pontiae 1.0577 
( Wisconsin ) 





Chippewa r 1.0694 16,22 
(Maine) 13.97 














‘ry = raw, 


*¢ = cooked, 
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possible total seore would be 216 for the mealiest variety, and the lowest possible total 
seore 72 for the soggiest variety. The median point is 144, and the total range, 92. 
From Tukey’s (27) table, at 5% risk, the least significant difference is 21.28 total seore 
points, and at 1% risk, it is 28.88 total score points. 

The organoleptic scores are given in Table 1, and the varieties are listed in the order 
of degree of mealiness. On the basis of the above statistical analysis, the difference 
between the mealy (Russet Burbank from Utah and Idaho, Kennebee, Green Mountain, 
and Cobbler) and the soggy (Triumph, Bliss Triumph, White Rose, Red Pontiae, and 
Chippewa) groups is highly significant. There even appear to be statistically significant 
differences between some of the varieties within each group. 

Specific gravity. Specifie gravity values are shown in Table 1. The gross regression 
coefficient between texture seore and specific gravity is 0.826, which is highly significant 
(1% level) according to the ‘‘t’’ test. The square of the regression coefficient, or the 
coefficient of determination, is 6.6824, indicating that about 68% of the variation in the 
taste panel scores can be explained by the variation in specifie gravity. 

This correlation is especially notable when it is reealled that the specifie gravity 
measurements were performed on whole potatoes whereas only the interior sections of 
the potatoes, which definitely have lower specifie gravity values than the whole tubers 
(30) were tasted. 

Dry weight. The dry weight values (Table 1) generally follow the trend of the 
specific gravity. However, in the case of Bliss Triumph, a larger part of the dry weight 
may have been contributed by compounds of lower density than starch, possibly cellulose 


and hemicellulose. 


TABLE 2 
Results of starch analysis in raw and cooked potatoes 








To %o 

cay % Starch Starch 

Variety Total Amylose hydrolyzed hydrolyzed 
starch in starch bya+8 
amylase 


Sugar 





Russet Burbank 19.06 16.5 18.96 10,22 1.07 
(Utah) ° 15.92 11.5 15.67 10.62 0.66 


Russet Burbank 1h.05 14.0 16.06 11.12 6.46 
(Idaho) J 15.85 ! 15.78 12.00 0.36 








Kennebee 95 B 16. 9.67 1.23 


(Maine) 5.21 F 14. 3B! 0.79 





21 é 16 » 1.49 
0.89 


Green Mountain 
(Utah) : 40 J 11 


13. . 0.09 
0.54 


1.52 


0.74 





Cobbler 3.48 
(N. Dakota) . 





Triumph 
(N. Dakota) 





3.20 


Bliss Triumph 
2.10 


(Idaho) 





1.20 


White Rose 
0.85 


(California) 





2.33 


Red Pontiae 
1.06 


( Wisconsin ) 





Chippewa 1.44 


(Maine) 

















‘r= raw 
*¢ = cooked. 
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Total starch. The total starch content of the raw potatoes also tended to follow 
the trend shown by the specific gravity (Table 2). However, in three cases, Green Moun- 
tain, Bliss Triumph, and White Rose, there is a certain deviation from this trend, The 
regression coefficient of the organoleptic seore with the starch content of the raw potatoes 
is higher (0.848) than that with the specific gravity. 

On the other hand, there is even a higher correlation between the total starch content 
of the cooked potatoes (Table 2) and the organoleptic seore. The gross regression 
coefficient is 0.883, which is highly significant. This value indicates that the starch 
content alone, in the cooked potatoes, may explain 78.04% of the variation of the taste 
panel seore, This result would suggest that the amount of starch in the potato tissue at 
the time of its consumption is largely responsible for the texture observed by the indi- 
vidual taster, 

The decrease in the total starch content during the cooking process (Table 3) does 
not show any clear-cut relationship with texture scores. This deerease is due mostly to 
the diffusion of the starch solution from the cells to the cooking medium (In Cobbler 
potatoes, 97.3% of the lost starch was located as such in the cooking medium.) Diffusion 
is made possible by the change in permeability of the cell membranes and by the in- 
creased solubility of the starch on heating. Personius and Sharp (18) have shown that 
a change in permeability takes place at the temperature of starch gelatinization. They 
have also observed a difference in permeability between soggy and mealy potatoes. If 
cell permeability alone governs the diffusion of starch from the cell, there should thus 


TABLE 3 
Some properties of potato starches calculated from Table 2 


Outer Outer Decrease 
branches of branch % in starch 
amylopectin of amyrio by cooking 

g./1l00ge pectin g./100 ¢. 

potato® potato * 








Amylo 
Amylose pectin 
Variety g./100 g. £./100 g. 
potato potato 





Russet Burbank 3.14 15.92 7.08 44.47 
(Utah) : 1.83 14.09 8.79 62.38 3.14 





Russet Burbank 2.39 14.66 8.73 59.5! 
(Idaho) 1.72 14.13 10.28 2.7 





Kennebec 1.35 16.60 8.32 50.12 
(Maine) 1.60 13.61 8.78 





Green Mountain 4.46 11.75 
(Utah) 1.20 10,20 4.6 45.59 








Cobbler 2.09 11.39 4 65.67 


(CN. Dakota) . 1.32 8.10 2 49.62 





9.86 54.66 


Triumph 
7.40 41.48 


(CN. Dakota) 














11.60 
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Bliss Triumph 1.15 
(Idaho) 0.84 


| 





White Rose r 2.62 
(California ) 0.94 


S > 


~ & 





Red Pontiac 0.36 1.76 56.50 


( Wiseonsin ) 0.65 5 77.81 








11.60 AL 64.05 


Chippewa 1.22 
6.90 


(Maine) 

















'r = raw. 

2 ¢ = cooked. 

*Outer branches of amylopectin ¢g./100 g. potato were calculated as: starch hydrolyzed by beta 
amylase minus amylose, both in ¢./100 ¢. potatoes. 

* Decrease in starch content by cooking is the difference between the starch content of the raw 


and the starch content of the cooked potatoes 
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be a direct relationship between the texture characteristics of the potatoes and the rela- 
tive decrease in starch content. Since this is not the case here, the amount of starch 
diffusion must be determined by additional factors. 

Amylose and amylopectin content. Neither the amylose nor the amylopeetin content 
of the starch is correlated with taste scores. In Table 2, only the percentage of amylose 
in the starch is given. The amylopectin percentage may be obtained by difference (100 — 
% amylose). The amylose percentage varies from 27.5%, in the ease of Green Mountain, 
to 5% in Red Pontiac. The amylose percentage in the starch decreases during the eook- 
ing in eases where the amylose percentage of the raw potato starch is above 10%; and 
where it is below this value, it increases. 

Starch hydrolyzed by alpha + beta-amylase. The amount of enzyme-hydrolyzed 
starch approximates the total starch content (Table 2). In each case, except for the 
Green Mountain, a small amount of ‘‘ limit dextrin,’’ which varies from 0.09 to 1.08 
g./100 g. potato in the raw tubers, is unhydrolyzed. In the Green Mountain potatoes, 
the amount of enzyme-hydrolyzed starch is greater than the amount found by the 
anthrone method, The same is true in the cooked potatoes of this variety. 

Starch hydrolyzed by beta-amylase. Beta amylase can hydrolyze amylose molecules 
and the outer branches of amylopectin until it reaches a 1-6 glycosidic linkage. There- 
fore, from the amount of starch hydrolyzed by beta-amylase (Table 2) and from the 
amylose content (Table 2), it is possible to estimate the amount of outer branches of 
the amylopectin. The data are presented in Table 3. The values found for the outer 
branches of amylopectin are in the neighborhood of those found by Meyer and Gibbson 
(17) for corn amylopectin. 

None of the characteristics of the structure of the starch examined in this investiga- 
tion seems to have any correlation with potato texture. 

Sugar: The sugar content of the tubers, calculated as glucose, varies from 0.09 to 
3.20% in raw samples (Table 2). During cooking, except in the case of the Cobbler 
variety, the sugar content decreases. No relation seems to exist between sugar content 
and potato texture. 


DISCUSSION 


The purpose of the first phase of this investigation has been to relate 
texture with specific gravity and with the properties of starch in various 
potato samples at the time of the organoleptic tests. However, it should be 
stressed that the results of the analysig are not necessarily specific for each 
variety investigated. No attempt has been made to invoke the history of 
the potatoes, i.e., the growing and storage conditions which influence the 
composition of the raw material. Therefore, this investigation relates tex- 
ture with its most immediate causative aspect, the composition of the potato 
tuber. 

Limiting the scope of effects to the last and immediate ones logically 
leads to the analysis of the properties of the cooked potatoes. This approach 
has been neglected for the most part since major interest has centered on 
the prediction of the texture of processed potatoes from the raw tubers. 
Although the main purpose of this investigation has been to find textural 
correlations, the very nature of the approach has brought forth funda- 
mental information on the effects of a standard processing upon chemical 
composition. 

The organoleptic scores are taken as the criteria for mealiness or soggi- 
ness. Because of the individuality of each taster, high fluctuations might 
have been expected among the individual judgments. Surprisingly, each 
presentation of samples resulted in agreement of a large majority, and in 
some cases, unanimous decision was reached. The statistically significant 
values for the sample groups should be considered in light of the fact that 
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within a sample there are large variations in texture and chemical compo- 
sition, which tend to decrease the differences among the varieties. 

Although the specific gravity-texture correlation is significant, it is 
probably meaningful only insofar as it reflects the starch-texture correla- 
tion. Specific gravity can be, and has been, useful in predicting the ex- 
pected processed texture of a batch of raw potatoes (11) and may even be 
used to separate tubers into different quality classes (14, 24). Like starch 
content, it depends on variety and on cultural and storage conditions (29). 

The role of starch content as the main determining factor in potato 
texture is confirmed in this investigation. Even though the correlation of 
the starch content of raw potatoes with texture (r = 0.848) is highly signifi- 
cant, the correlation is improved if calculated on the basis of the starch 
content of the cooked potatoes (r = 0.883). The high value here may be due 
to the pronounced varietal differences. This result also indicates that the 
amount of starch found in cooked potatoes is dependent not only on the 
starch content of the raw potatoes but also on other factors, such as the 
solubility of the heated starch and the permeability of the cell wall and 
cell membranes during processing. Permeability is important because loss 
of starch occurs by diffusion into the cooking medium. It has been found 
by Potter and Hassid (19) that no detectable depolymerization occurs in 
starch molecules during a mild treatment like boiling for a short time. 
This has also been confirmed by Baum and Gilbert (1), who made viscosi- 
metric determinations on amylose and amylopectin of stored potatoes after 
5 minutes of boiling. They could detect no change in the intrinsic viscosities. 

The percentage of amylose in potato starch decreases during cooking in 
cases where the amylose percentage of raw potato starch is above 10%, and 
where it is below this value, it increases. It might be supposed that amylose, 
being a smaller molecule than amylopectin, would always diffuse more 
readily from the cell. The proportional decrease of amylose during cooking 
perhaps may be explained on the basis of simple diffusion. However, where 
the amylose percentage appears to increase proportionally, there may have 
been sufficient loss of amylopectin by diffusion and/or by initial enzyme 
activity to produce a spuriously higher amylose-amylopectin ratio. Al- 
though the amylose content of potato starch is generally given as 20%, 
the values here are in some cases considerably lower. It is possible that 
these values are due to analytical or sampling error. However, it seems 
more likely that the general tendency towards low amylose content is a 
characteristic of the starch in the central region of the tuber. 

Reeve (21) has observed that White Rose potatoes lose more amylose in 
cooking than Russet Burbank potatoes. This observation is based on the 
development of blue color in the cooking medium upon the addition of 
iodine. Although the data here confirm Reeve’s finding, this varietal 
difference is not characteristic of the difference between mealy and soggy 
potatoes. In the present investigation, it has been found that some mealy 
potatoes, such as the Green Mountain variety, lose relatively more amylose 
than some soggy potatoes, such as the Red Pontiac variety. 

The relative amount of amylose or amylopectin in the different potato 
samples is not correlated with the texture scores. It is quite possible that 
a structural difference exists between mealy and soggy potato starches, 
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but this difference is not observable by the iodine sorption technique. 
Ulmann (28) has shown that both the amylose and the amylopectin frac- 
tions can be further fractionated in an aluminum oxide column, and that 
these fractions give different shades of color with iodine. Ulmann’s frae- 
tions have not yet been characterized chemically. But in view of present- 
day knowledge of starch composition, it can be stated that there are no 
differences in the composition of starch which can be related to texture 
in cooked potatoes. 


SUMMARY 
Ten potato varieties were evaluated for their boiled texture organolep- 
tically. Specific gravity and the starch content of raw tubers were signifi- 
cantly correlated with texture scores. The correlation between the starch 
content of cooked potatoes and the organoleptic scores was highly signi- 


ficant. 
The chemical nature of starch in these potato samples was characterized. 


During the cooking process, total starch invariably decreased, but the 
amylose content decreased in some varieties and inereased in others. Possi- 
ble explanations of this behavioral difference, on the basis of diffusion and 
«nzyme activity were considered. No relationship exists between the chemi- 
cal nature of the starch and potato texture. 
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The concepts that fats are to be regarded as optional components of 
the diet is widely held among food technologists, dietitians, home econo- 
mists, nutritionists, and other food specialists, as well as by the laity. 
However, within the last few years there has been increasing evidence 
that fats should be regarded as obligatory constituents in our diet. The 
realization that fats are essential nutrients has been developed as a result 
of the demonstration of the increasing number of functions to be ascribed 
to the so-called ‘‘essential fatty acids.’’ However, it is not certain at the 
present time whether the presence of the essential fatty acids in fats is 
responsible for all of the specific nutritional effects of fats, or whether other 
properties of this foodstuff may account for some of them. 

Fats have the known distinction of possessing the highest caloric density 
of any of the foodstuffs. Thus, one gram of fat contributes something 
over 9 large Calories while one gram of protein or carbohydrate yields 
only about 4 large Calories. Actually, the ratio of calorie values of fats: 
proteins or fats: carbohydrates in natural foodstuffs is usually greater 
than the 2.3:1 ratio indicated by the above values. This is because fats 
are usually stored without water since they are hydrophobic, while proteins 
and carbohydrates most often occur naturally with considerable quantities 
of water. 

Certain fats serve as sources of the fat-soluble vitamins [vitamin A, 
D, and E (tocopherols) | while all fats can function as solvents for them 
and so assist in their absorption. The adipose tissue serves as an insulating 
agent under the skin, thus preventing unduly rapid loss or gain of heat. 
Such fatty tissues also act to protect large organs such as the kidneys 
from injury by forming a protective layer around them; moreover, fat 
likewise protects the smallest nerves and similar structures which are 
imbedded in it from injury. From a physiolugical standpoint, probably 
the most important function of fat is as a reserve foodstuff. 

Fats are essential in creating an appetizing diet. Low-fat diets become 
extremely monotonous and unpleasant when continued over any consid- 
erable period. According to Starling (72), the lack of fat in the diet was 
the chief cause for the voluntary underconsumption of food in Great 
Britain during World War I, with the attendant general loss in weight 
of the population. Finally, from a culinary standpoint, fats have great 
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importance. The preparation of many of our baked foods would be im- 
possible without shortening and, of course, no fried foods can be prepared 
without fats. Although all of these facts tend to emphasize the desirability 
of fats in the diet, they do not prove the indispensability of this foodstuff 


from a nutritional viewpoint. 


NUTRITIONAL INDICES WHICH INDICATE 
THAT FATS IN GENERAL ARE ESSENTIAL 


There are a number of nutritional indices which suggest that fats in genera! are 
indispensable, These include not only the classical procedures for evaluation such as 
growth, pregnancy, and lactation, but also some new ones such as the time of sexual 
maturity, the nitrogen-sparing action, work capacity, survival during fasting, and the 
ability to combat external stresses. 

1, Growth. The ability of fat-containing diets to provide a greater gain in weight 
for growing rats than fat-free regimens has been repeatedly demonstrated. Thus, Hoag- 
land and Snider (43) observed greater gains-in-weight in rats on diets containing 30% 
or 55% of lard than in one having 5% of this fat. In another series of tests with diets 
into which 5, 15, 30, or 54% of lard was incorporated, it was found that the animals 
receiving the 30% fat diet did best (42). Deuel and associates (22) have reported that 
when male rats were fed on diets containing 0, 5, 10, 20, or 40% of cottonseed oil, 
those groups receiving 20 or 40% of cottonseed oil exhibited the greatest increases in 
body weight. When the fat under investigation was a vegetable margarine fat, the 
optimum diet appeared to be one which contained 30% of fat. It is suggested on the 
basis of these data (19) that, in the case of the rat, the optimum fat level in the diet 
is 30% by weight which corresponds with 50% of the total calories. 

Since ad libitum feeding was employed in the above tests, it is uncertain as to 
whether the greater body weights found in the rats receiving the high-fat diets are to 
be ascribed to improved nutrition in these groups or simply to the fact that the diets 
containing the high-fat content permitted a greater caloric intake than was possible 
with low-fat or fat-free regimens. This question has been answered by the paired-feeding 
tests. Thus, Forbes et al. (31) observed that the gains-in-weight of young rats on 
isocalorie diets containing 2, 5, 10, or 30% of fat (mostly lard) became progressively 
better as the proportion of fat was increased; similar results were noted in mature 
animals (32). It was subsequently recorded by Forbes and co-workers (33, 34) that 
the increasing efficiency of the high-fat diets was related to a decrease in total heat 
production. In confirmation of these results, French et al. (35) have noted that a better 
energy utilization obtains on a high-fat diet (30%) than on a low-fat regimen (2%), 
when the protein level was reduced from 22% to 7%. The most recent data from the 
same group (86) have indicated that an identical growth can be brought about in male 
and female rats on a high-fat diet with total caloric intakes 4.8% and 5.7%, respec- 
tively, less than was required with the low-fat regimen. Undoubtedly, the greater 
economy of fat under these diverse conditions is related to the lower specific dynamic 
action with protein or carbohydrate which has been called the ‘‘associative dynamic 
effect’’ (80). 

The growth response has likewise been shown to excel in the case of high-fat diets 
when the test animals have previously been subjected to undernutrition. Thus, in the 
ease of weanling rats, which had been stunted by calorie restriction for 12 weeks, 
Scheer and collaborators (67) found that when the depleted rats were fed ad libitum 
on diets containing 0, 5, 10, 20, or 40% of fat, the groups receiving the three highest 
levels of fat did equally well and were far better than the other groups. However, 
the highest potential for growth still remaining after 12 weeks of ad libitum feeding 
was found in the group receiving the 40% fat diet; by this time, practically no 
gain-in-weight was being obtained by the rats on the 0% or 5% fat diets. In other 
tests by Scheer et al. (65) with young adult rats subjected to severe calorie restriction, 
it was ebserved that the decrease in body weight and the mortality rate were least for 
those animals on the high-fat regimen, One can only conclude on the basis of growth 
tests that fats possess a characteristic growth effect. 

2. Time of maturity. The age at which sex maturity occurs provides another physi 
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ological index of nutritional value. Although this phenomenon has been believed to 
bear some relationship to dietary conditions, it has recently been demonstrated to be 
directly related to the level of fat intake in rats (23). Thus, while 81 days was required 
before the opening of the vagina in female rats on a fat-free diet, this occurred at the 
following ages in rats receiving fat diets: 5%, 70 days; 10%, 68.5 days; 20%, 65.8 
days; and 40%, 65.1 days. In tests in which rats were fed diets for 12 weeks after 
weaning so restricted in calories that growth did not take place, sexual maturity did 
not obtain, irrespective of the level of fat in the diet (67). However, when the rats 
were allowed to consume the several diets ad libitum, sex maturity was observed in the 
following average periods: 0% fat, 14.7 days; 5% fat, 11.9 days; 10% fat, 10.5 days; 
20% fat, 7.7 days; and 40% fat, 9.8 days (67). It is not certain whether the pro- 
gressive effect of increasing doses of fat in producing sex maturity at earlier periods 
is a direct action of fat or an indirect one attributed to the increased rate of growth. 

3. Pregnancy and lactation. Growth, pregnancy, and lactation are believed to pro- 
vide increasingly critical indices of nutritional value. The beneficial effects of fat 
under these conditions is now believed to be traced largely, if not entirely, to their 
essential fatty acid content. This is discussed later. 

4. Work capacity. Until recently, it has been generally considered that carbohydrate 
provides a better source of energy for muscular work than does protein or fat. The 
Hill-Meyerhof theory which embodies the glycogen zz lactic acid interrelation in 
muscular contraction postulates carbohydrate as the source of such energy. Moreover, 
Krogh and Lindhard (50) reported that, although fat could serve as a source of energy 
for museular contraction in man, it was 10% less efficient than earbohydrate. This 
finding is one which is opposed to an earlier study of Anderson and Lusk (6) with 
dogs; in the latter case, the energy expenditure was identical irrespective of the food- 
stuff which served as the source of the calories. 

Not only may fat serve efficiently as a source of energy for muscle work, but some 
recent experiments in the laboratory of the author (23) have indicated that it may 
provide more effectively than does carbohydrate. Using a swimming test devised by 
Scheer (66), as a method for providing exhausting exercise, it was found that the 
average duration over which rats could swim could be considerably extended if they 
had been receiving high-fat diets. The average periods of swimming of 3 series of rats 
receiving diets containing cottonseed oil were as follows: 0%, 654 seconds; 0% but 
containing 1% linoleate, 636 seconds; 5%, 863 seconds; 10%, 849 seconds; 14%, 1021 
seconds; 20%, 1044 seconds; and 40%, 1044 seconds. Similar variations in performance 
were observed with rats which had reeeived different levels of margarine fat in the 
diet. Although Ershoff (25) has recently failed to demonstrate a similar effect in rats 
and mice, the results are not directly comparable since the procedures employed were 
entirely different from those described by Scheer et al, (66). 

Confirmatory evidence of the increased physical capacity as related to fat diets 
has been obtained by an entirely new procedure by Samuels and co-workers (64), When 
rats were fasted which had previously been maintained over a 28-day period on diets 
in which 80% of the calories were derived from protein, carbohydrate, or fat, the total 
forced activity during the period of survival was greatest with those rats previously 
on the 80% fat regimen. The average work records were as follows: fat group, 
19,700 + 1780 eage revolutions; carbohydrate group, 13,800 + 1630 eage revolutions; 
and the protein group, 6465 + 1650 eage revolutions. Although the previously fat-fed 
rats survived longer, it was not believed that the better performance by this dietary 
group could be ascribed solely to that fact. 

5. Nitrogen retention. The ability of a foodstuff to spare protein has long been 
regarded as an important index of its nutritional value, Nitrogen equilibrium can 
readily be established when earbohydrate is present in the diet, but fat has little effect 
on lowering the protein requirement, In faet, Lusk (52) has reported that, on a constant 
protein intake, urinary nitrogen was depressed in man by the ingestion of carbohydrate 
but not by that of fat. Carbohydrate therefore would appear to function best in 
sparing erogenous protein metabolism. 

However, it has recently been demonstrated that fat plays a commanding role in 
endogenous protein metabolism. When the nitrogen excretion of rats was reduced to the 
‘‘wear and tear’’ quota by the administration of a protein-free diet, it could be main 
tained at this low level only when generous amounts of fat were supplied (74). No 
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differences could be observed in the level of urinary nitrogen on protein-free diets if 
they were administered at 100% or 75% of the caloric requirements, irrespective of 
whether or not fat was present in the diet. However, when the caloric intake was 
reduced to 50% of the required level, nitrogen elimination was maintained at a low 
value only in the ease of the afiimals receiving the protein-free diet containing 20% 
of fat. The variations in the protective effect of fat over non-fat diets were further 
exaggerated when the calorie intake was reduced to 25% of the basal requirement. 
Schwimmer and MeGavack (71) have demonstrated a similar protective action of fat 
on the ‘‘wear and tear’’ quota of human subjects on a fat-free diet. This indicates 
that the role of fat in this condition is a more or less general one. 

In addition to the behavior of fat in relation to the nitrogen minimum, Samuels 
and co-workers (64) discovered another condition in which this foodstuff spares protein. 
When rats were previously conditioned by being fed on an 80% fat diet for 28 days, 
the nitrogen exeretion during the subsequent fast period was much lower than when 
the rats had reeeived carbohydrate or protein at a level of 80% during the prefast 
conditioning period, 

6. Period of survival. Longevity and the period of survival during fasting offer 
two related indices for comparing the nutritional value of foodstuffs. In the tests 
carried out by Samuels and collaborators (64), the survival of rats during a fast was 
longest if they had been prefed on a fat diet. Thus, the average period of survival 
was observed to be 10.2 + 1.68 days for the rats receiving the protein diet in the 
prefast period, while it was 15.5 + 0.46 days for the group in which carbohydrate made 
up the prefast regimen. Compared with these results, the rats which had been prefed 
on fat survived for an average of 18.3 + 0.44 days. 

The data on the effect of the level of dietary fat on longevity are somewhat con- 
troversial. On the one hand, Carlson and Hoelzel (13) reported that rats receiving 
an omnivorous diet containing 28% of fat and 35% of protein lived longer than did 
rats which received a vegetarian diet containing 8% of fat and 30% of protein but 
supplying more protein and roughags on an isocaloric basis. However, because of 
variations in the diet, it is difficult to attribute the variations in longevity in the 
aforementioned experiments solely to variation in the fat content. On the other hand, 
French et al. (36) observed that the life span of male rats was shorter on a high-fat 
diet (22.7%) than on a low-fat regimen (3.4%). In the case of females, no decisive 
differences were noted. 

7. In conditions of stress. Fats have been shown to function in assisting the animal 
to meet such internal stresses as are occasioned by growth, pregnancy, lactation, 
work, and the maintenance of protein stores. Another index for establishing the 
usefulness of fat in the diet is whether or not it aids in a specific manner when the 
animal is subjected to such external forms of stress as thyrotoxicosis, x-irradiation, 
cold, and hepatectomy. 

(1) Thyrotoxicosis, Fat has repeatedly been found to be the food from which 
the greatest beneficial effect is derived in hyperthyroidism. Abelin et al. (1-8) were 
the first to note this effect; high-fat diets were found to counteract the increased 
metabolism and to prevent the rapid depletion of liver glycogen usually associated 
with the administration of the thyroid hormone. 

Although some workers have attempted to correlate the beneficial effect of fat in 
thyrotoxicosis with its essential fatty acid content, several recent reports have tended 
to make this suggestion open to question. Thus, Ershoff (24) found that the growth 
retardation in rats given thyroid was counteracted equally well by a number of fats 
of widely different essential fatty acid content. Greenberg and Deuel (89) reported 
that the presence of cottonseed oil in the diet not only permitted normal growth when 
thyroid powder was given but likewise prevented mortality. In later tests, Green- 
berg (37) was able to point out a protective action against thyroid exhibited inde- 
pendently by linoleic acid and by cottonseed oil. It is now believed that the beneficial 
effect of fat may be partly attributable to the essential fatty acid content, the require- 
ments for which might be increased in hyperthyroidism, and partly to the higher caloric 
density of high-fat diets, which enable hyperthyroid animals to meet their caloric needs. 
In any event, the protective effect of fat in hyperthyroidism is one of the most striking 
examples of the beneficial action of this foodstuff. 
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(2) X-Irradiation, Since the protective action of fat against x-rays seems to 
be related to its essential fatty acid content, this subject will be discussed later. 

(3) Cold Stress, Cold offers a comparatively new form of stress for assisting 
in studies of nutrition, since it produces a marked increase in metabolic level. Mitchell 
and co-workers (57) have observed that general psychomotor performance and visual 
efficiency were maintained better in human subjects exposed to severe cold when a 
high-fat diet was ingested, than when a high-carbohydrate diet was employed, The 
former diet likewise allowed a maximum speed in tapping tests, It was also noted that 
tissue temperatures were maintained better in subjects on the high-fat diets than in 
those on the high-carbohydrate regimens; this difference is believed to be due to a 
lowered heat emission rather than to an inereased heat production in the individuals 
receiving the high-fat diets. 

(4) Hepatectomy. Since the liver is responsible for mediating so many meta- 
bolic functions, any interference with its function results in a critical form of stress. 
Although it is impossible to maintain life in dogs for much over 8 hours when the whole 
organ is removed, it is possible for animals to recover when as much as 70% of the 
organ has been extirpated. In animals subjected to such an operation, there is therefore 
an opportunity to study the effect of diet on the rate of regeneration of liver tissue. 

Although Brues ef al. (9) reported that the rate of regeneration of the liver of 
partially-hepatectomized rats was slower when fat was the chief dietary component, as 
compared with the rate when protein or carbohydrate was the principal dietary con- 
stituent, Rogers and co-workers (62) have observed that moderately high-fat diets served 
as efficaciously in permitting the regeneration of liver tissue as did low-fat regimens, 
In fact, when the intake of rats on a 30% fat diet was limited to that of rate on a 3% 
fat diet, a significantly higher increment in liver protein and in body weight obtained 
in the high-fat group. When an ad libitum feeding was employed, the improvement of 
the rats on the high-fat regimen over those on the low-fat diet was considerably greater 
than in the paired-feeding tests, 


NUTRITIONAL INDICES WHICH INDICATE 
THAT ESSENTIAL FATTY ACIDS ARE REQUIRED 


The first investigation, which proved that the rigid exelusion of fat from the diet 
results in a fat-deficiency syndrome, was that of Evans and Burr (26) in 1926, Almost 
simultaneously with the more complete report of the fat-deficiency syndrome by Burr 
and Burr (11), McAmis, Anderson, and Mendel (4538) likewise observed that rats re- 
ceiving fats in their diets grew better than animals on control fat-free regimens; 
however, the latter workers failed to note the presence of the deficiency symptoms in 
the fat-free group. The ultimate proof of the fact that fat deficiency produces a 
deficiency disease should be credited to Burr and Burr (11); these workers demonstrated 
that the symptoms which developed were not to be aseribed to the lack of the fat-soluble 
vitamins. These workers later showed (12) that the deficiency symptoms disappeared 
immediately when lard, cod-liver oil, or liver was fed. The curative agent was found 
to occur in the saponifiable fraction. The polyunsaturated acids, linoleie, linolenic, and 
arachidonic, were proved to be excellent curative agents while the saturated acids such 
as stearic, palmitic, myristic, and laurie, as well as the monoethenoid acid, oleic, were 
all entirely ineffective in relieving the fat-deficiency symptoms, Glycerol was likewise 
early shown to be without activity in this respeet (11). 

In the early investigation of essential fatty acid deficiency, the failure in growth 
and the appearance of skin symptoms were the only positive effects to be identified. 
However, more recently, it has been shown that essential fatty acids play an essential 
role in making possible successful pregnaney and lactation; these dietary components 
likewise have been found to serve as protective agents against x-irradiation and in 
preventing the development of permeability of the skin capillaries. Finally, it has 
most recently been recorded that the essential fatty acids are important in assuring 
the normal distribution of cholesterol in the rat. The proof that essential fatty acids, 
obtainable by the animal only from dietary fat, are concerned in so many vital reactions 
as those listed above reinforces the idea of the essentiality of fats in the diet. 

1. Growth. The classical demonstration of the necessity of essential fatty acids in 
the diet was based on their effect on growth. When weanling rats are placed on fat-free 
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diets, they grow normally for about 3 weeks; after that they continue to gain weight 
for 5 to 7 weeks but at a subnormal rate as compared with rats receiving cottonseed 
oil or other similar fats in the diet. Maximum body weights are usually attained in 
10 to 12 weeks on fat-free diets, after which they remain fairly constant or start to 
decline (21). 

When linoleic, linolenic, or arachidonie acid or fats containing such acids are fed 
to the fat-depleted rats, the body weights of such animals inerease, the skin lesions 
disappear, and the condition of the animals is restored to normal. The effectiveness of 
the essential fatty acids or of fats in alleviating the fat-deficiency syndrome is a function 
of the amount and type of essential fatty acids made available to the animal. On the 
basis of the demonstration by Greenberg ct al. (38) that the eurve for the increase in 
body weight plotted against the log dose of the essential fatty acid is a straight line, 
a method for assay of essential fatty acids has been devised. The rationale is based 
upon that developed for the bioassay of vitamin A by Coward (17). Thomasson (73) 
has recently suggested a somewhat modified bioassay procedure which involves weight 
changes in animals with a restricted water intake. 

Although it is entirely certain that an exact relation obtains between essential fatty 
acid intake and the extent of growth, it has not been proved whether or not the superior 
behavior of fat in providing growth of rats is to be entirely ascribed to its essential 
fatty acid content. 

2. In the Metabolism of the Skin. The most pronounced symptom of fat-deficiency 
in all species is the eezematous condition of the skin. This is reflected by the scaliness 
of the tail and paws in the mouse, rat, and dog, and of the tail of the calf, together 
with roughness of the skin. The dermatitis which occurs is somewhat similar to that 


arising in pyridoxine (Bs) deficiency; in fact, Birch (8) has observed that the onset 


of the dermatitis obtained on vitamin Be-deficient diets can be delayed by certain fats. 
It is believed that the unsaturated fatty acids do not replace pyridoxine but simply 
delay the onset of the skin symptoms (61). 

All of the three common essential fatty acids are effective in clearing up the skin 
symptoms resulting from fat deficiency. Linoleic acid is believed to be more effective 


than linolenic acid (60, 63, 68). The ability of natural fats to bring about recovery 
from the skin disorders has been found to be proportional to their linoleate content (10). 
According to Hansen et al. (40), the absence of fat from the diet brings about definite 
alterations in both the epidermis and the dermis; moreover, the hair follicles, sebaceous 
glands, and capillaries are all affected. All changes were found to be reversible (41). 

3. In Protection from X-Irradiation, Although many different substances have 
been observed to modify the course of x-irradiation injury, fats have been found to 
have a specific effect in this condition, Decker et al. (18) were the first to report that 
a typical essential fatty acid deficiency could be produced in mice by x-irradiation. 
Cheng and her co-workers (15) observed that rats receiving diets containing 2, 15, or 
30% of cottonseed oil derived marked protection from multiple sublethal doses of x-rays 
as compared with the situation noted in rats on a fat-free diet. 

The protective effeet of cottonseed oil against x-irradiation was proved to be a 
function of the essential fatty acid content. Thus, it was found that an increased 
survival could invariably be noted in fat-depleted rats subjected to 300r weekly, when 
10 mg. of ethyl linoleate was administered daily (20). Subsequently, Cheng and associ- 
ates (16) established that the optimum protective dose of linoleate against x-irradiation 
injury probably exceeds 100 mg. per day. The average surviva: time, and especially the 
periods at which LD», LDw, and LDw» were reached, beeame progressively greater when 
the protective dose of linoleate tested was 10, 50, or 100 mg. of linoleate daily. The pro- 
teetive effect of fat against x-ray has been found to occur under a wide variety of 
conditions of exposure to x-rays both as related to the intensity of the dose and to the 
frequency of the exposure (14). 

The reason for the beneficial effect of essential fatty acids in x-ray injury is not 
entirely clear. It is possible that, since essential fatty acids are required for new tissue 
growth, animals are able to repair damage due to x-irradiation sufficiently promptly so 
that death may be avoided. In the absence of such prompt tissue regeneration, one 
might expect that death would supervene. 

4, In Protection from Capillary Fragility. As early as 1939, Kramér and Kovdes 
(48) made the first clinieal observations that the resistance of the skin capillaries in 
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human subjects, especially in those with allergic manifestations, was higher on a 
dietary regimen containing a vegetable fat than on one composed entirely of fats of 
animal origin. Subsequently, Kramér and Levine (49) were able to prove that the 
capillary resistance in immature rats fed on a diet practically devoid of the fat and 
essential fatty acids, or on one containing 8% of methyl stearate, began to decrease 
within 7 weeks and reached pathologicaliy low values shortly thereafter. The changes 
in capillary permeability could be entirely avoided if 5% of corn oil was added to the 
same basic diet; moreover, after this deficiency symptom had been established, it 
could be completely cured and the rats restored to normal by the administration of 
linseed oil or pure linoleate in therapeutic amounts, 

The changes in capillary resistance were found to be inversely proportional to the 
extent of capillary permeability. That these symptoms represent another example of 
a funetion controlled by the essential fatty acids is demonstrated not only by their 
response to small amounts of essential fatty acids but also by the fact that they occur 
simultaneously with other recognized symptoms of fat deficiency such as the flattening 
of the weight curve. 

5. In Pregnancy and Lactation. It has already been indicated that fats play an 
important role in successful pregnancy and lactation. There is now proof that at least 
a part if not all of the beneficial effects of this foodstuff are to be ascribed to its 
content of essential fatty acids. 

Evans and co-workers (27, 28) were the first. to point out that normal reproduction 
is impossible in the absence of the essential fatty acids. They noted that the mothers 
are unable to nurse their young on such fat-free diets, and that sterility develops in 
the male rats (29). Small amounts of essential fatty acids were found to prevent the 
development of these symptoms as well as to cure these conditions when once established. 

Several recent studies have given more information on the quantitative aspecta of 
the essential fatty acid requirements. Quackenbush et al. (59) observed that the quantity 
of nutrients required for reproduction was about twice that-necessary for the cure of 
the dermal lesions produced by a fat-free diet. Linolenic acid was recorded as being 
ineffeetive in allowing a norma! reproduction while linoleic and arachidonie acids were 
recorded as having about the same biopotency in supplying the needs for pregnancy. 
More recently, Deuel et al. (22) have eoncluded that dietary fats are not required by 
the female rat for conception or for the completion of pregnancy when the diet is 
otherwise complete; however, in the absence of fat in the diet, the pups did not survive, 
presumably because of the mothers’ inability to nurse their young. Although, in some 
cases, doses of cottonseed oil as low as 10 mg. were found to be sufficient to insure the 
survival of the pups for 3 days, as much as 200 mg. of this vegetable oil were required 
daily for optimum survival of the young over 21 days. Since comparable results were 
obtained with a daily feeding of 80 mg. of linoleate, it was concluded that the essential 
fatty acids constitute the active protective component of fats insofar as pregnancy is 
concerned. 

Fat has long been known to stimulate lactation (54-56) although Loosli et al. (51) 
failed to prove that linoleate was the essential factor in the case of the rat; however, 
corn oil did produce a stimulatory effect while hydrogenated coconut oil was ineffective. 
In the tests of Deuel et al. (22), the lowest mortality rate and the highest weaning 
weights of rats obtained when the nursing mothers received 100 or 200 mg. of cotton- 
seed oil daily or 80 mg. of linoleate. It was coneluded that a certain definite level of 
essential fatty acids is required for satisfactory lactation as well as for successful 
pregnancy. 

6. In Cholesterol Metabolism. Fats have been widely maligned in recent years 
because of their reputed relationship to cholesterol. Sinee atheromas contain a con 
siderable quantity of cholesterol, it is believed that any condition which augments the 
cholesterol supply may also aggravate the formation of atheromas and the attendant 
development of atherosclerosis. 

Cholesterol is a natural product which is normally present in every cell of the body. 
In nervous tissue cholesterol makes up a large portion of the structural tissue, It is 
the parent substance of bile salts and of a number of steroid hormones, ineluding the 
adrenocortical hormones and the male and female sex hormones, 7-Dehydrocholesterol 
also plays the role of vitamin Ds. 

Some fats may serve direetly as a source of cholestero] since they contain definite 
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amounts of this alcohol dissolved in them. Cholesterol is present only in animal fats; 
thus, butter has been reported to have as much as 280 mg. % (58), egg-yolk fat a maxi- 
mum of 2000 mg. % (68), and lard as high a concentration as 120mg. % (44). Vege- 
table fats do not contain cholesterol but rather the related phytosterols. There is 
widespread evidence that the phytosterols cannot serve as a source of cholesterol in 
the animal body (7, 69, 70). 

In addition to certain fats being a source of preformed cholesterol, it is believed 
that both animal and vegetable fats may serve as building material for endogenous 
cholesterol by virtue of the fact that the two-earbon fragments of fatty acids can be 
built up into the sterol molecule. Although this deduction is a sound one, carbohydrates 
or proteins can likewise serve as a source of such acetate molecules, either direetly or 
by way of the fat molecules which can be formed from either of these foodstuffs. For 
these reasons, the results of Alfin-Slater et al. (5), which indicate that the level of 
newly-formed liver and plasma cholesterol in rats on a fat-low diet is unchanged when 
the animals are placed on a high-fat diet, are not surprising. 

In addition to fats serving as sources of preformed cholesterol or of endogenously 
formed cholesterol, the essential fatty acids funetion in an important manner in 
cholesterol transport and deposition. It has been recognized since the report of Kelsey 
and Longenecker (45) that the major portion of plasma linoleie acid is combined with 
cholesterol. Most recently it has been demonstrated that on a fat-free diet the level 
of liver cholesterol beomes elevated in rats concomitantly with a decrease in the level 
of plasma cholesterol (4), On the other hand, when the diet contains 12.5% of 
cottonseed oil, the level of liver and adrenal cholesterol is at the normal low value while 
the plasma cholesterol is not reduced. The values of liver cholesterol were as follows 
in the several groups: control, 2.0 mg./gm.; 12.5% cottonseed oil diet, 2.06 mg./gm.; 
and fat-free diet, 4.48 mg./gm. The plasma cholesterol values in the three groups 
respectively were 65 mg. %, 64.4 mg. %, and 43.0 mg. %. It would thus appear that fat 
not only does not cause cholesterol] deposition in the rat but that it facilitates its 
transport and its metabolism presumably through the mediation of the essentirl fatty 
acids. Kinsell and co-workers (46, 47) have reported that the blood cholesterol level 
of patients having high cholesterol values as a result of diabetes or related conditions 
ean be lowered by the) administration of vegetable fats but not by that of animal fats; 
it is possible that thi effect in man may be associated with the effect of the essential 
fatty acid content of the fats. 


CONCLUSIONS 


Much evidence has accumulated to support the hypothesis that fats are 
essential rather than optional components of the diet. Whether or not the 
essentiality of fats is based entirely on their being sources of the so-called 
essential fatty acils is a moot question. However, the pronounced effect 
of fats on growth, on pregnancy, and lactation, on nitrogen-sparing action, 
on work capacity, and on period of survival indicates the profound nature 
of behavior of fat. The specific behavior of the essential fatty acids in 
the prevention of x-irradiation injury, and in preventing capillary perme- 
ability, as well as in regulating cholesterol deposition and metabolism, 
offers additional evidence of the importance of fats in the diet. 
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Food preservatives, that are harmless as a component of human and 
animal diets, are added to foods for a variety of purposes. Some act as 
antioxidants to stabilize fat against oxidative deterioration, others act to 
maintain color quality, and others to prevent mold and yeast propagation. 
There is no reason to expect any one particular food preservative to func- 
tion in all capacities. For example an antimycotie agent should not be 
expected to protect foods against all types of food poisoning bacteria. The 
important factor to be considered with regard to the growth of the food 
poisoning bacteria, is that the added food preservative, be it an antimycotiec, 
antioxidant or of any other class, must not stimulate the growth of the 
food poisoning bacteria to make the food more likely to be responsible for 
toxic reactions. It is highly unlikely that any material will ever become 
available which can protect foods in general against all forms of micro- 
biological spoilage without being toxic to the consumer of the foods. If an 
antimycotie material, harmless to the human or animal, exhibits an inhibi- 
tory effect on some of the food poisoning bacteria and is not stimulatory of 
the others, then there is additional reason to supplement foods with the 
antimycotic material. However, under no circumstances should there be 
tolerated a relaxation in sanitary techniques because a harmless food pre- 
servative has been added to a food. 

Gooding (4) discovered that certain of the alpha, beta unsaturated fatty 
acids are good fungistatic agents for foods and food wrappers. Sorbie acid 
falls into this category. In many instances it has been shown that sorbie 
acid will replace sodium benzoate for the prevention of mold and yeast 
spoilage in various foods. In contrast to benzoate, Deuel and co-workers (1) 
found that sorbic acid is metabolized as are the other food fatty acids. 
Benzoate, however, must be detoxified in the liver and thence excreted. 
Deuel ef al. (2) have also shown that concentrations of sorbie acid com- 
parable to those of benzoate show no toxicity in rats and dogs. No harmful 
conditions are produced in dogs and rats with 5% sorbate. 

Emard and Vaughn (3) have found that sorbic acid permitted the 
growth of lactic acid bacteria. This has proved to be a fortunate develop- 
ment since these organisms are added in the curing of cheese and pickles, 
foods which are susceptible to spoilage due to mold and yeast propagation. 
In the Emard-Vaughn paper, it was also reported that the Clostridia were 
not inhibited by sorbie acid in the concentrations employed. Unfortunately, 
the authors failed to present data on whether or not the Clostridia ex- 
hibited better or poorer growth in the sorbie acid supplemented medium 
than in the control medium containing no sorbie acid. With respect to 
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other possible genera tested, encompassing bacterial species associated with 
food poisoning, Emard and Vaughn found that sorbic acid inhibited the 
species of Salmonella under all conditions studied. This would then repre- 
sent an additional advantage when sorbic acid is used as an antimycotiec 
agent in foods. Some species of Streptococcus faecalis were also inhibited 
by 0.12% sorbie acid (3). The species of Staphylococcus aureus were in- 
hibited by 0.07% sorbic acid in glucose-yeast extract media, while 0.12% 
sorbie acid was required in liver infusion media for complete inhibition ; 
at lower concentrations of 0.08 to 0.10%, only some of the cultures were 
inhibited in the more favorable media (3). In the case of Staphylococcus 
aureus, data were included in the paper (3) showing by turbidimetrie 
measurements the degree of growth in both the control and in the sorbic-acid 
supplemented medium. At pI 5.1 growth occurred in the glucose broth 
controls and at pli 5.9 greater growth was noted, but not at all in the same 
media with the added sorbic acid. At pH 6.3 or 7.0 more growth was noted 
in the controls and some growth in the sorbic-acid supplemented media, but 
to a degree of one-third to one-half that of the controls. These findings 
merit further study since various species of the Siaphylococcus genus are 
frequently involved in food poisonings. If those foods capable of fostering 
the growth of these microorganisms can be made resistant by adding sorbie 
aid and by lowering the pH to 6.0 or less, there would be still another 
reason for sorbic acid supplementation over and above antimycotie activity. 

Further investigations by York and Vaughn (8, 9) have shown that 
many strains of Clostridium botulinum were tolerant to 3.0% sorbie acid. 
Unfortunately the authors again failed to state in their abstracts (4, 9) 
whether or not the growth observed was better or poorer than that noted in 
the unsupplemented control media. The fact that sorbie acid is utilized by 
the Clostridia is nothing more than a demonstration that sorbic acid like 
other nutrients in the media is metabolized by the microorganism. Deuel 
and co-workers (1) have shown that sorbie acid is as readily metabolized as 
the naturally-occurring caproie acid by the animal organism. Melnick and 
associates (6) have demonstrated that molds can also metabolize sorbic acid 
even during the period of growth inhibition. 

Since the York and Vaughn abstracts (8, 9) were incomplete, studies 
were initiated in our laboratory to determine whether or not sorbic acid is a 
growth stimulant for the Clostridia. In addition, the influence of the 
naturally-oceurring caproic acid (saturated sorbic acid) and of propionic 
acid were similarly evaluated, The latter is a well-known food preservative 
also used for its antimycotic activity. 


EXPERIMENTAL 


Three bacterial cultures were used in this work, Clostridium sporogencs ATCC 8074, 
Clostridium botulinum NCA 109 Ae and Clostridium botulinum NCA 1267 Be. The 
three acids investigated were sorbic, propionic, and caproic. The organisms studied 
were catalase negative. 

The liver infusion was prepared as recommended in the ninth edition of Difeo 
Manual. The final broth was prepared according to McClung and MeCoy (4) and Vaughn 
(7). The glueose-yeast extract broth was prepared according to Emard and Vaughn (3). 

To each tube of broth, containing the requisite percentages of the acids under 
investigation, was added one drop of a 48hr. liver broth culture of the respective 
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organisms, Total volume in all tubes was 10 ml. All tubes were overlayed with a 50-50 
paraffin-vaseline seal and ineubated at 37°C. Readings were made by visual turbidity, 
independently by each of the authors, after 1, 2, and 4 days of incubation, with agree- 
ment obtained in evaluating degrees of growth. 


RESULTS 


The results in Table 1 show that sorbic, propionic, and caproic acids 
are neither inhibitory nor stimulatory to Clostridium sporogenes and 
Clostridium botulinum, types A and B, in the absence of phosphate. 

The results in Table 2 show no stimulation of the same organisms, and 
no bacteriostatic effect by the fourth day when the phosphate is present. 
Early in the incubation period there seems to be some inhibition of the 
anaerobes. P 

TABLE 1 
Growth of Clostridia on liver infusion broth alone or supplemented 
with caproic, propionic, or sorbic acid 
Unbuffered pH = 6.7 


Cl. sporogenes* Cl. botulinum A* Cl. botulinum B* 








Supplement added to 
liver infusion broth 2nd day*| 4th day 2nd day*| 4th day 2nd day*| 4th day 








No supplement (control) 4+ 4+ 4+ 4+ 3+ 
Caproie acid (0.12% ) 4+ 3+ 3+ 4+ 3+ 
Propionic acid (0.12% ) 4+ 3+ 4+ 4+ |; 4+ 
Sorbie acid (0.12%) 4+ 4+ 4+ 4+ 2+ 


























1 Cultures obtained originally from National Canners. 
* No growth on first day. 
TABLE 2 


Growth of Clostridia on liver infusion broth alone or supplemented 
with caproic, propionic, or sorbic acid 


Phosphate buffer (0.1% ) pH = 6.7 


Cl. sporogenes ! Cl. botulinum At Cl. botulinum B* 











Supplement added to 
liver infusion broth 2nd day*| 4th day 2nd day*| 4th day 2nd day*| 4th day 





No supplement (control) : 4+ 4+ 4+ 4+ 
Caproie acid (1%) 3+ -— 3+ 1+" 
Propionic acid (1%) 1+ — > 2+ 
Sorbie acid (1%) , 3+ 2+ ue 3+ 


























1 Culture obtained originally from National Canners. 
® No growth on first day. 
* No gas formation. 


TABLE 3 


Growth of Clostridia on glucose yeast extract broth alone or 
supplemented with caproic, propionic, or sorbic acid 


Unbuffered pH = 6.7 








Cl. sporogenes* Cl. botulinum A? Cl, botulinum B* 





Supplement added to 
glucose-yeast broth lat day 4th day lst day 4th day lst day 4th day 


No supplement (control) 4+ 4+ 4+ 
Caproie acid (0.12%) 2+ 1+? 38+ 
Propionic acid (0.12% ) 4+ 4+ 4+ 
Sorbie acid (0.12%) 3+ 4+ : 4+ 





























' Culture obtained originally from National Canners. 
* No gas formation. 
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TABLE 4 


Growth of Clostridia on glucose yeast extract broth alone or 
supplemented with caproic, propionic, or sorbic acid 


Phosphate buffer (0.1%) pH = 6.7 








Cl. sporogenes' CL, botulinum A'* Cl, botulinum B* 





Supplement added to none 
glucose yeast broth Ist day 4th day Ist day 4th day Ist day 4th day 





No supplement 4+ 4+ 4+ 3+ 4+ 
Caproie acid (1% ) 1+* 2+ 1+ _ 
Propionic acid (1% ) i 4+ 3+ 
Sorbie acid (1%) 1+? 

















! Culture obtained originally 
* No gas formation 


The same results are obtained with glucose-yeast extract broth with and 
without phosphate (see Tables 3 and 4). The gluecose-yeast extract broth 
was found to be better than the liver infusion broth for the growth of these 
anaerobes, due probably to the presence of a readily available carbon source. 

The concentrations of sorbic acid, propionic acid, and caproic acid used 
were 0.12% in the case of the unbuffered medium and 1.0% in the medium 
containing the phosphate buffer. Since higher concentrations of sorbic 
acid are not intended as food supplements, information on concentrations 
above 1.0% would merely be of academic interest. 

Shortly after the completion of the present studies, the authors heard 
the York-Vaughn paper (9) presented orally on June 29, 1954, at the 
Fourteenth Annual Meeting of the Institute of Food Technologists, Data 
were presented to show that, whereas the Clostridia were tolerant of sorbic 
acid, growth was not stimulated when sorbic acid was added to the media. 
Thus, the present findings in no way contradict those obtained by York 
and Vaughn (8, 9); indeed our findings are regarded to be merely of 
confirmatory value. It is anticipated that the full report by York and 
Vaughn will include sufficient data to show, as we have found, that sorbic 
acid does not inhibit or stimulate the Clostridia. 


SUMMARY 


Sorbic acid, propionie acid, and caproic acid are similar in that they 
do not inhibit or stimulate the growth of Clostridium botulinum, types A 
and B, and Clostridium sporogenes. Sorbie acid is recommended for anti- 
mycotic activity but not to prevent the growth of catalase negative organ- 
isms. 
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DIFCO 


Bacto-Dehydrated Media 
for Microbiological Assay of 
VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition of 
specified increasing amounts of the vitamin or amino acid 
being assayed to obtain a growth response which may be 
measured by acidimetric or turbidimetric methods for the con- 
struction of standard curves. The vitamin or amino acid con- 
tent of the material under assay is determined by addin 

appropriate concentrations of the test substance to the basa 
medium and comparing the growth response obtained with 
that of the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-CHOLINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY MEDIUM 
BACTO-B jg ASSAY MEDIUM USP BACTO-METBIONINE ASSAY MEDIUM 
BACTO-CS VITAMIN B;z AGAR BACTO-LYSINE ASSAY MEDIUM 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 
BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and preparing the inoculum for microbiological 
assay is important. The following media have been developed 
especially for carrying stock cultures and for preparation of 
the inoculum: 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO acips, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 


Descriptive literature available upon request 
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